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iABSTRACT
Recent research has suggested that a large proportion of 
agricultural land3 both irrigated and non-irrigated3 is 
affected by soil salting in the Southern Murray Basin. The 
solution to these problems requires first3 a recognition at 
a community level that serious problems exist3 and second3 
a recognition of both the local and regional effects of soil 
salting.
The salinity problem has historically been worst in the 
irrigation districts of Northern Victoria. During the past 
five years the extent of the problem has increased to encompass 
all irrigated areas of Northern Victoria.
Fast attempts to solve the problems created by salinity have 
created more intractable problems. These intractable problems 
include the problems of how to dispose of salt. Previously 
solutions have been based upon disposal into the major river 
system3 that is the Murray. This practice has in turn resulted 
in a gradual deterioration in water quality3 affecting all 
other end users.
In this project a number of landholders have been surveyed 
in a pilot study in the Kerang and Shepparton Districts of 
Northern Victoria. In the survey a number of specific, issues 
are raised3 including awareness of the effects of soil salting3 
the understanding of why these problems occur and action being 
taken in response to these problems. General comments are made 
as to the perceived relationship between irrigation and the 
development of salting3 and the adaptation to the environment 
by landhoIders.
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Chapter One: Introduction.
Salinity and the Australian Environment.
Since 1788 widespread changes have occurred in natural 
ecosystems due to the activities of European man in Australia. One 
such change has occurred with respect to hydrological systems, and 
in particular groundwater systems. Changes to groundwater systems have 
occurred where recharge has increased (for example, due to forest 
clearing and/or the introduction of irrigation), and discharge is 
left unaltered. As a result groundwater levels increase over time 
leading to the formation of high watertables. In environments where 
the salt level of either the groundwater or soils is even moderately 
high, the presence of high watertables will ensure that salts are 
redistributed through the soil profile toward the surface.
Soil salting, both in irrigated and dryland farming regions, 
has been described as the "greatest single threat to primary 
production in south-eastern Australia" (Parry; 1978). In Victoria 
alone, one estimate suggests that there are approximately J>00,000 
hectares of salt "affected" land (Mitchell, et.al. ; 1978, 1);
130.000 hectares of which are located in the irrigated areas of the 
north of that state (Cornish; 1977? 13i 16). Due to the complexity 
of salinity problems, no accurate estimates have been made as to 
first, the losses in agricultural production, second the regional 
economic effects and third, the cost to the environment.
Of increasing significance is the quantity of salt finding its 
way into the rivers and streams which traverse the salt affected 
regions. Each year the principal river draining northern Victoria, 
namely the Murray, carries some 1.3 million tonnes of salt to the 
sea. Only one third of this salt load may be attributed to the 
activities of man, thus indicating the saline nature of the 
environment of the Murray-Darling Basin. However, due to the activities 
of man the salt load of the Murray River is increasing by as much as
25.000 tonnes per annum (Collet; 1978, 111).
Salinity is a problem which effects all states in Australia 
(see Anon; 1971) 1 although it is most serious in the Murray Basin and in
2.
Western Australia. Conacher has estimated that in Western Australia 
there were 162,000 hectares of land visibly affected by salting in 
1970 (Conacher; 1976, 6l). Further, the salt affected regions are mainly 
located in the catchments of rivers which supply the capital Perth.
Fears have been expressed that with further clearing of forests (for 
agriculture, mining and forestry) the salt load of these rivers will 
increase, thus jeopardising the future water supply of Perth (Anon;1975)«
Throughout the world there are numerous examples where 
salinisation of the soil profile.has occurred as a result of the 
activities of man. The most spectacular examples have been associated 
with irrigation schemes located in arid and semi-arid regions, both 
in the past and present. The decline of some past civilizations, such 
as those in the Indus and Euphrates-Basins, has been attributed, in 
part, to increasing salinisation (Jacobsen and Adams; 1958, Gulhati 
and Smith; 1967)•
Estimates made by FA0/UNESC0 indicate that up to 50 per cent 
of all the world's irrigated lands are affected by salinity. The 
extent of salting varies from region to region, as for example 50 per 
cent of irrigated lands in Iraq are affected, 80 per cent in Pakistan 
and 30 per cent in Egypt (Kovda; 1976, 211). In spite of the research 
that has been undertaken, the area of salt affected land is showing 
a "disastrous" increase especially in the arid and semi-arid regions 
(Szabolcs; 1976, 10).
Salinisation in the Murray Basin is a problem which is likely 
to worsen in the future, as the irrigation areas in that region are 
now experiencing a "rapid" increase in the area affected by salting 
(Collet; 1978, 111). Moreover, large areas of the Murray Valley region 
are showing evidence of salting where it was previously considered 
unlikely (Blackburn; 1978, 141). The Shepparton area in Northern 
Victoria is one such region. For regions already seriously affected, 
such as Kerang, the future is considered uncertain. A recent assessment 
of the future of the Kerang region stated:
Good land layout and sound irrigation and agricultural 
management are essential if landholders are to continue to farm 
in areas with high salinity groundwater and high water tables, 
without sub-surface drainage. However, productivity overall must 
be diminished and surrounding dry land sacrificed. Such farming 
systems are inherently marginal on economic grounds, and are at 
risk under abnormal conditions, e.g. extreme rainfall or drought.
(Trewhella and Webster; 1978, 186).
Similarly in South Australia the cumulative economic losses due 
to salinity over the next thirty years are expected to be large. The 
economic cost over this period is estimated to be $120 million 
(Corcoran; 1979,12). To maintain water quality in the Murray River at 
present levels (800 E.C. units) would ^involve expenditure of $23 million 
in South Australia alone. Even if these standards were maintained the 
community faces considerable health risks due to the level of salt 
in domestic supplies (which now exceed W.H.O. Standards) (Shard and 
L'Estrange; 1979).
Aims of the Study
The present study examines'the perceptions of the salinity hazard 
by those farming in two salt affected regions in northern Victoria, 
namely Kerang and Shepparton (see Figure 2.1). SUch a study is timely 
in the present context of the growing recognition by governments, 
researchers and landholders of the salinity problem and the fears that 
that the problem is becoming more acute. The landholder’s perception of 
the salinity problem is of crucial importance because it influences both 
the actions taken by landholders in respect of the problem and their 
H i nSness to accept and abide by measures developed by the government 
to reduce the problem.
The first part of the study examines the landholder's knowledge 
of salting (and associated groundwater problems) as it effects their 
own farms as well as the wider regional effects. Emphasis is given to 
firstly, knowledge of the changes in groundwater conditions since the 
beginning of irrigation, secondly the description of areas believed to 
be salt affected and thirdly, the explanations given by landholders 
for the presence (or absence) of soil salting. The second part of the 
study examines he adjustments made by landholders in coping with this 
problem. Of concern here is the differences (if any) in the perception 
of landholders and government officials of means to "control" salting 
and watertable problems.
The conclusion to the study focusses upon the implications for the 
environment of the region of both the perceptions of landholders and 
their adjustments. In the first place, some of the reasons why land­
holders engage in activities that contribute to the development of 
hazardous situations are reviewed (Ward; 197^, 137) and the question 
as to whether the land is being used "rationally" is examined. Secondly, 
the spatial implications of the behaviour of farmers in the 
affected regions are considered.
3-
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The approach adopted in this study draws from that taken in respect 
of natural hazards. Indeed some workers in this field have suggested 
that the perception of "man-made" hazards is a logical development of 
the work already undertaken on natural'hazards (for example, see 
Saarinen; "1970, 15 and Williams; 1975, 3)*
The work in the hazards field can be divided into two parts; first 
a discussion of the factors influencing the perception of the hazard 
concerned by decision makers, and second factors influencing the choice 
of remedial action taken to ameliorate the effects of the hazard.
Briefly the factors influencing -the perception of the hazard include 
"the relation of the hazard to the dominant resource use, the frequency 
of (hazard) occurrence and variations in (the) degree of personal 
experience (by the decision makers)"(Saarinen; 1976, 15.5)* Bn addition 
a number of variables have been suggested to explain individual 
behaviour, including;
the manager's perception of the range of choice open to him 
in making adjustments...his perception of the... hazard, the 
technology perceived by the manager, his recognition of the 
spatial linkages between (his own)action...and resource use 
in other regions, and the complex of social constraints 
under which he operates.
(Saarinen; 1970, 14)
Survey Methodology
The study is based upon the results of interviews of irrigation
farmers, undertaken during July and August 1978. The landholders
interviewed were chosen from the administrative records of the State 
1water authority , using a simple sampling proceedure. The sample 
included a near equal number of landholders from the Kerang and 
Shepparton regions, thus giving a slight bias toward Kerang as it has 
a smaller farm population. Some 60 names were chosen from the records, 
stratified to give proportionate representation to each of the smaller 
administrative units within the two larger regions. Less than one 
per cent of landholders were selected for the study. In addition, this 
study includes the results of a pilot survey undertaken in June 1978, 
with the help of local government officials, to test the survey form 
developed (the final form of v/hich is presented in Appendix I). The 
details of the survey are shown in Table 1.1 .
1. The State water authority is the Victorian State Rivers and Water 
Supply Commission (hereafter referred to as the Water Commission or 
the S.R. & W.S.C.).
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The high response rate to the survey is due mainly to the 
personal interview basis, when compared to the approach used in mail 
surveys. In order to introduce farmers tp the survey, and to gain 
their interest and support, each was C'Ontacted first by letter and 
then by telephone (see Appendices 2 and 3 for copies of letters sent).
Table 1.1 : Description of Sample.
L e t t e r s
sent
N u m b e r  of
s u c c e s s -
full
i n t e r v i e w s
P e r c e n t a g e
i n t e r v i e w e d
Pilot
S u r v e y
T o t a l s
S h e p p a r t o n 30 22 75 3 . 25
K e r a n g 29 20 69 7 27
T o t a l s 59 bz 71 10 52
Although a questionnaire was prepared (see Appendix 1), the 
interviews were loosely structured to facilitate more discussion of 
the landholder's own views where possible. All interviews were 
recorded using a portable cassette recorder, and later transcribed.
The questionnaire is divided into a number of sections. The 
first deals with general information about the farm itself and the 
operator. Information is sought on land use, irrigation systems 
used (including the type of surface drainage system in use), and 
previous farming.experience. The second section is concerned with 
the perception of the salinity and groundwater position. An attempt 
is made to look at the relationship between irrigation and salinity 
problems,in the minds of the landholders.
The third section asks questions on the farmer's knowledge of 
factors causing both high watertables and salinity. The fourth and 
largest section is concerned with the behaviour of individuals. There 
are two approaches used in this section. The first asks a series of 
general questions on the activities of the respondent, while the 
second is concerned with attitudes toward certain "official" 
solutions. The questionnaire concludes by further questions on the 
farming operation, especially age and education of the operator, and 
sources.of income of the farm.
6.
Chapter Two: Description of the Study Area.
A great range of crops can be grown and a wide variety 
of agricultural produce can be gained from irrigated 
agriculture in Northern Victoria.
(Garland; 1977, 32)
It seems likely that an enhanced supply of irrigation 
to the (Shepparton) region may have worked to the 
detriment of the long term interest of irrigators.
(Blackburn; 1978, 150).
For historical reasons most irrigation development in Australia 
has taken place within the Murray-Darling Basin. The most intensive 
development of water resources of the Murray Basin has occurred along 
the major river systems, namely the Murray, Murrumbidgee and the 
Goulburn (see Figure 2.1) . Since irrigation began watertables have 
risen, such that now all schemes have groundwater mounds (Meacham;
1977, 5)- The actual rate of groundwater rise has however, varied 
due to influence of local and regional environmental factors and 
intensity of irrigation water use. Salinisation has followed where 
salts are present in either the soil or groundwater. Generally 
speaking the salinity level of soils and groundwater increases 
westward across the Riverine Plain, thus making salinisation 
"inevitable" in the western margins under irrigation (Pels; 1978, 273).
The Physical Environment.
The Climate
Generally speaking the Kerang region can be described as semi- 
arid, whilst the Shepparton region is temperate sub-humid (Sale; 1968, 
1). Temperatures show little variation throughout the year: all 
parts of the Riverine Plain exhibit hot summers and cool winters, and 
similar diurnal and seasonal ranges. Rainfall is evenly distributed 
throughout the year, although its effectiveness is less during the 
summer than winter. The average annual rainfall declines westward
n----- tn
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across the study area from 500 mm in the east to 3&0 mm in the west.
Potential evaporation is very high during the summer months 
reaching 1500 mm per annum in the west of the study area.
Normally however, the actual evaporation may be very much 
less than the potential rate due to the lack of available water.
When groundwater is present close to the surface the conditions are 
met for the potential rate of evaporation. Thus under the high rates 
of evaporation, even with relatively small quantities of salt in the 
soil and/or groundwater, rapid salinisation of the surface soils 
occurs.
Soils, Geology and Geomorphology
The Riverine Plain, of which the £tudy area forms part, consists 
of unconsolidated sediments of varying depths confined by bedrock.
The Plain has been built up as a result of thousands of years of 
alluvial and lacustrine deposition. The deposition phases that have 
occurred influence first, the rate of groundwater movement (and 
the rate of watertable rise) and second, the level of incipient 
Salinity in the soils and groundwater.
Both the soil types and sub-surface layers can be broadly 
related with the activity of stream systems which are now relict 
features. The stream system is made up of two basic components: 
first the floodplain element of heavy clay soils, and second,
the streambed-levee element of coarser sands and loam soils.
The Riverine Plain has been formed by the imposition of many of 
such stream systems upon others in horizontal layers. It is 
important to note that streams were more active in the east than 
in the west, resulting in a larger proportion of clay soils in the 
western margin of Riverine Plain zone. The streambed-levee soils 
buried beneath the layers of subsequent stream activity form bands 
of sub-surface sands known as "aquifers".
The rate of groundwater build up is determined by the 
characteristics of the aquifer layers. These characteristics 
include depth from the surface, their overall size (both vertically 
and horizontally), and the rate at which water can move through the 
aquifer sands (the transmissivity).
9.
Salt is similar to other sediments deposited by the relict
stream system. Relatively larger quantities of salt were deposited
S3.1. t Gin the western margin of the plain, asJvCould be carried for longer 
distances across the plain. Moreover, large quantities of salt were 
deposited on the western part of the Riverine Plain during the 
last marine transgression which occurred around 500,000 years B.P. 
Over time the salt deposited at relatively deep levels has been 
brought closer to the surface.
History of Irrigation Development
Irrigation development in Australia is characterised by 
substanial investment (usually by governments) in the infrastructure 
needed to supply water. The nature of Australian water resources is 
such tnat for large scale developmentjof the resource to occur, 
massive structures are required to first, store the water and 
second distribute it over l arge areas (Langford—Smith and Rutherford 5 
1967, 129). The early history of irrigation in Victoria showed that 
without substantial government involvement irrigation was not 
successful (Rutherford; 1970, 226-227).
Irrigation began, on a regional scale, in northern Victoria by 
landholders forming co-operatives (known as Water Trusts) and 
diverting water from the rivers when the flow was sufficient. This 
gravity feed system was however unreliable, and moreover supplied 
water when the farmers least needed it, and it was not until pumps 
weie installed and channels dug that more reliable supplies 
were assured. However, when the cost of this infra structure was 
combined with ehe reluctance of the dry land farmers to use the 
water the Trusts went bankrupt.
In 1905 the Victorian Government took control of the Trusts 
and wrote off ^he debts owed by the landholders. The government 
subsequently introduced policies which had the aim of promoting 
irrigation and ensuring its success. At the outset this goal was 
achieved by first, the introduction of Group Schemes and second, the 
introduction of the water right system , The Group Scheme ensured 
that all land within a designated district became part of the 
government scheme, such that individual landholders had no choice in
10.
whether they wanted to be "irrigation" farmers as opposed to 
"dry land" farmers.
All land within the group scheme 'was then assessed for its 
irrigability, which formed the basis for the allocation of water.
A specific quantity, or "right", was attached to the land, an amount 
which could not be transferred with ownership rights. Further the 
farmer had to pay for the rights allocated irrespective of whether 
the rights were actually used. Initially it was hoped to price the 
water to provide a profit for the State and cover the costs of the 
infrastructure. Over time this policy has changed such that water 
is now under-priced in terms of the capital investment by the 
State .
The greatest impetus to the development of irrigated 
agriculture has come from government sponsored closer settlement 
especially following the two world wars. These schemes entailed the 
resumption of large tracts of land and its re-subdivision with 
emphasi^given to intensive farming such as dairying and horticulture.
By their nature and giver, the scale of the schemes, they have been 
responsible for large increases in the water consumption of these 
regions since the 19B0’s. As part of the governments commitment to 
irrigation considerable sums have been invested in incre sing the 
water storage capacity of the Murray Basin rivers.
Government policies since the turn of the century have guided 
the development of water resources for irrigation not only in 
Victoria but in the other Murray Basin states as well. Without 
government involvement it is doubtful whether irrigation would be 
as extensive as it is today. Since the initial commitment of funds 
successive Victorian governments have increased that commitment 
either by closer settlement schemes and enlargement of storages, 
and by policies which have encouraged the increased use of water.
Land Use
Due to the type of land use irrigation schemes in the Murray 
Valley tend to be of a fairly low intensity when measuring water use 
per hectare. About 8o per cent of the irrigated areas are pastures
1 1 .
and crops, the remainder devoted to horticulture, viticulture and 
orchards. In this respect Australian schemes are unlike many of 
those found overseas, which are dominated by the more intensively 
irrigated products (Cantor; 1967, passim).
The overall low intensity nature of the schemes of the 
Murray Basin has three important implications when discussing 
watertable and salinity problems. In the first place, these schemes 
are areally very extensive covering an area of about 830,000 
hectares. In order to supply water to such a large area an extensive 
system of channels and canals is needed. It is thought that such a 
system may be responsible for significant seepage losses to ground- 
water thus increasing watertable levels. Up to 25 per cent of channel 
may be lost as seepage (Cornish; 1978, 10).
In the second place, the cost of providing infrastructure is 
high in relation to the low returns from the low intensity products. 
These costs include not only the construction of channels, but also 
surface drains and access structures such as bridges and syphons where 
natural drainage lines are disturbed.
Third, and related to point two, is the low value of production. 
Returns per unit of water and land used, for pastures and cereal 
cropping are low when compared to returns for horticulture. The low 
returns affects the ability of these systems to sustain the high 
cost of necessary infrastructure. For example, Water Commission 
figures show that it is uneconomic to increase drainage networks in 
the Kerang region' due to an unfavourable cost-benefit ratio 
(S.R. & W.S.C.; 1975, 140).
There are two basic land use systems in the study; the first, 
is based upon annual (or winter) pastures and the second upon
-"I
perennial (or summer) pastures. Perennial pastures are irrigated 
throughout the year (except the winter months) and form the basis 
for the large dairy industry in the study area. Annual pastures are 
irrigated only during the spring and autumn, and are thus allowed to 
"dry off" during the hot summer months. Due to the different growth 
habit and high rates of evaporation during the summer, water 
consumption is very much higher for perennial than annual pastures.
1. The horticulture and orchard based industries in Shepparton are 
not considered as part of the study area in the survey.
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Typically cropping is carried out on farms dominated by 
annual pastures, due to the restrictions on water availability to 
non-dairying farms. Crops grown include the winter cereals (wheat, 
oats and barley) and more recently summer cropping has begun (millet 
and sorghum). Cropping is usually carried out on the larger farms 
where sufficient land is available.
Land Use on Survey Holdings
Dairying was the most common form of land use on farms surveyed 
(see Table 2.1), although there-were slightly more dairy farms in 
Shepparton than Kerang. The Kerang region shows a greater diversity
Table 2.1 Land Use and Size of Holdings- Study Area.
Land Use
Farm Size
Less than 125 
hectares
More than 125 
hectares
Total
Dairying only
Kerang (N = 4) 3 1 16Shepparton (N = 12) 6 6 (31)
Dairying with sidelines
Kerang (N = 8) 1 7 14Shepparton (N = 6) 2 4 (2 8 )
Grazing and cropping
Kerang (N = 1 5 ) 2 13 21Shepparton (N= 6) 1 5 (41)
TOTALS
(Percentage N = 51)
15
(29)
36
(71)
51*
* No Data = 1.
of farming operations than does the Shepparton area. This diversity 
is evident both at the district and farm level. There are two distinct 
farming systems in the Kerang area; the intensive dairying areas and 
the extensive farms based on cropping and grazing. The 
Shepparton area is by comparison almost totally devoted to dairying.
It is partly for this reason that holdings in the Kerang region are 
larger than those of Shepparton, as dairy farms tend to be smaller 
than those farms devoted to mixed grazing and cropping. On-farm 
diversity is higher in Kerang than Shepparton. For.example, two thirds 
of dairy farms in Shepparton had only one enterprise whereas two
13-
thirds of Kerang dairy farms had at least two sources of income. 
Sources of income and returns are discussed again in Chapter Four.
Watertables and Salinity in the Study.Area
Watertable levels have been high in the Kerang region for 
several decades and have reached equilibrium levels with the 
environment. On the other hand high watertable levels have 
developed only relatively recently in the Shepparton region, and 
are still rising (Trewhella and Webster; 1978, 169). There is 
however, very little reliable historical data for either region to 
indicate the rate at which groundwater conditions have changed since 
irrigation began. The extent of areas having high watertables in 
the study area is shown in Figure 2.2 .
Water in the soil is a complex phenomenon. It is important to 
distinguish three types of groundwater. First, waterlogging may 
result from high rainfall which may saturate or inundate land where 
drainage is inadequate. In the past significant losses of deep 
rooted orchard trees have occurred following exceptionally wet 
periods (such as 19311 19391 1956, 1963, 1968 and 1973 (Cornish;
1977, 16)). Second, perched watertables which form due to impeded 
sub-surface drainage (such as that caused by impermeable layers).
The third type of groundwater occurs where accessions from irrigation 
systems cause in the long term a rise in watertable levels to 
within 2 m. of the soil surface. It is this latter rise which is of 
most concern to irrigation authorities, as it is responsible for 
the problems created by rising salinity levels.
At present all the irrigated area of the Kerang region has 
a watertable within 2m. of the surface (that is, 160,000 hectares).
In Shepparton, over 100,000 hectares of a total of 217,000 hectares 
irrigated have high watertables (Cornish; 1977, 16). Moreover, much 
of the unirrigated dry land areas within the regions is at risk due 
to the lateral movement of groundwater through the aquifer systems.
There is as yet no simple method for assessing the extent of 
salinisation over large areas. Studies made of the effects of salting 
tend to disagree, sometimes by as much as 100 per cent (S.R. & W.S.C. 
1975, 48). However, one estimate suggests that 83,000 hectares (or 
one half of the irrigated area) is "salinized and suffering reduced
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or nil agricultural production" in the Kerang region (Cornish; 1977, 13). 
Further, within the Shepparton region "waterlogging and salinity 
damage is apparent within areas totalling at least 45,000 hectares" 
(Cornish; 1977, 1 6).
Salting was first reported in the Kerang region during the 
1890's, and gradually worsened until the 1930's. Since that time 
researchers have differed as to whether the position has become 
worse or better. Gutteridge,Haskins and Davey (hereafter referred 
to as the Consultants) reported that salinity reached its maximum 
extent during the 1 9 3 0's and has improved since then with the 
construction of surface drains which has facilitated leaching of 
salts (Gutteridge, Haskins and Davey (G.H. & D.; 1970, 2 3 1 ).
Cornish on the other hand states "(s)ince the mid-1950's, (the)
Kerang and Cohuna areas have gradually become more saline (and) over 
the last ten years salinity areas in the Tragowel Plains have 
increased" (Cornish; 1977, 13).
During the 1950's salinity was considered unlikely to be cl 
problem in the Shepparton region (Blackburn; 1 9 7 8, 141) although 
there are reports of isolated losses caused by salting in the 
western part of the region. The extreme wet years of 1974/1975 
prompted a re-assessment of the salinity hazards for the 
Shepparton region. As shown in Figure 2 . 3  large areas of the 
Shepparton are predicted to become salinised over the next 30 years.
150,000 haTotal Project Area 
Total Perennial Pasture 
Total Annual Pasture 
Total Dry Land
50,000 ha
55,000 ha
45,000 ha
(1) Total area including area 
to be protected by present 
program.
(2) Includes all summer irrigated 
crops.
7rrl«at.d Partial Pascura
1980 1990
Year
FIGURE 2..3 Predicted rate9 of salting in the Shepparton Region 
(S.R.W.S.C. Viet.)
Source: Trewhella and Webster; 1978, 188.
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Salt in the Murray River.
Under natural (or pre-irrigation) conditions the salt load of 
the Murray River, especially in the lower reaches below the South 
Australian border, is quite considerable. As shown in Figure 2.4
watertable built up 
beneath irrigation area 
to form groundwater mould
original w atert.iblc
• ' / /  //seepage of saline w aler 
/ d / ' / l r o m  basin
increased seepage
lundwater into river
When land is irrigated it is normal for a proportion of the water applied to dram through the 
soil and then lind its w av into ground water storages or nearhv rivers Irrigation drama ee seeps 
through the underground reserves of salinity, picks up the saiimts and then linds its way into 
the river.
F i g u r e 2 “'1 S ou rces of sal in i ty  in the M u r r a y  River.
Source: Sen at e  S ta n d i n g  C o m m i t t e e  on Natural Resources, (1978)
" Au st r al i a' s  W a t e r  Resou r ce s ,  The  C o m m o n w e a l t h ' s  Role", AGPS, Can be r ra ,  page 52.
saline water enters the river when the river bed incises the 
watertable level. As watertable levels have risen this has had a 
twofold effect: first, the length of river passing through saline 
groundwater zones increases, and second, the pressure from existing 
groundwater mounds increases due to the raised watertable levels.
As a result the quantity of saline groundwater entering the river 
has increased. Salts may also enter the river due to surface run-off 
from salinised regions. The amount of salt entering the river in 
this manner has increased commensurate with the provision of 
artificial surface drainage systems.
Reasons for Watertable Rise
ihe reasons for the rise in watertable levels are complex, 
although the general principles causing the rise can be simply 
expressed in berms of a regional water balance. The water balance 
for a region may be expressed in the following terms:
P + I = SD + E + UDn ’
where
P - rainfall,
I = "irrigation" component,
°^n ~ ne  ^ surface drainage (that is, water leaving the region less
water entering,
E = evaporation,
UD = drainage below the .root zone. (G,H & D; 1970, 106).
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Any change to the left side of the equation (such as above 
average rainfall, or an increase in irrigation intensity) will lead 
to aidisequilibrium situation requiring an adjustment to the 
components on the right side. Initially equilibrium is restored by 
an increase in the under-drainage component (assuming that evaporation 
and surface drainage is fairly constant), which in turn raises the 
watertable level as more water percolates below the root zone. 
Eventually the sediments become saturated and a new equilibrium 
situation develops characterised by persistently high watertables.
In irrigation districts such as Kerang groundwater levels have 
reached a new equilibrium position, showing only short term 
fluctuations rather than any long term trend (as is the case in 
Shepparton). The mean depth of watertables is "determined by 
accessions to groundwater as balanced by losses of evapotranspiration 
and lateral dissipation" (Stannard; 1978, 120). Any short term 
fluctuations reflect the levels of seasonal rainfall and irrigation 
practice. These short term movements are illustrated in Figure 
for the Shepparton region over the past 19 years.
Y E A R  f
FIGURE 2.5 Changes in water table level 1964-77, Murray Valley 
Irrigation Area (S.R.VJ.S.C. Viet.)
Sou rc g T ugw hell a and dGbs tG r, 1978, 181.
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Whilst the water balance model is useful at an aggregate level, 
researchers have differed in their opinions as to the actual source 
of under-drainage, and the relative size of the sources mentioned.
In large part the differences are due'to the difficulties of 
measurement, and regional variations. The factors
responsible for watertable rise include seepage from channels, rain 
falling immediately after irrigation and poor layout of land 
(Mehanni; 1978, 132). Pels on the other hand, describes the main 
factor as being the irrigation of land which leads to an "inevitable" 
downward movement of water below the root zone. Secondary factors 
include rain falling after irrigation, leakage from channels and 
inadequate surface drainage (Pels; 197^, 27^ +).
Cornish, working in the Shepparton region, has suggested first, 
that excessive rainfall and floods have been the major source of 
groundwater accessions and second, that the contribution of 
irrigation per se is unknown (Cornish; 1976, 3)- This view contrasts 
with others working in the Kerang region who state:
We feel that poor (irrigation) layout is the greatest factor 
in causing high watertables and subsequent salting in the 
(Kerang) region.
(Department of Agriculture; 1972, 2).
Discussion of local groundwater conditions in the irrigated 
regions of the Riverine Plain, has been complicated by research 
which suggests that regional groundwater systems over a much larger 
area have changed and pose a threat to agriculture on the plain 
(see Macumber; 1978). Macumber has suggested that water
passes frcm the catchment hills through deep aquifer systems (known 
as deep leads) and discharges onto the Riverine Plain where irrigation 
schemes have been established. As the groundwater which is 
discharged is highly saline the presence of the deep lead system 
exacerbates the salinity problem caused by local raising of water- 
table levels.
Salinisation
Salinisation refers to the process whereby the salt content of 
the upper soil profile, the root zone, increases. Where high water- 
tables are not present salts accumulate in the root zone when low 
quality water is used (that is, water with some salts present), or 
where drainage is insufficient to leach salts from the soil profile.
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Where a high watertable is present salinisation takes place 
3-S plants draw up soil moisture to the root zone, and water is 
evaporated from the soil surface (see Figure 2.6 • Soil moisture
moves upward through the soil in response to evaporation from the 
surface in a process known as capillary action. At the surface
Evaporation
Solt crust
Water movos upward 
from tlio watertable to 
replcce tnaf evaporated |  
from the surface.
Copillary Zone
Groundwater level.
7—  T
/  . . / .  GttcüvW Scälrt# Aquifer —  Saturated
Figure 2.6 Principles of salinisation: capillary rise.
Source: Adams, (1978)-
the saline water evaporates, leaving the salt crystals to build 
up over time. The rate of upward movement is a function of the 
evaporation rate and the depth to groundwater. Water can be
drawn from a watertable only from within a prescribed distance from 
the surface. Below a certain depth no significant upward movement 
occurs. This depth is known as the "critical" depth.
The rate at which salts accumulate in the root zone is a 
complex issue, depending on the interplay of a number of factors. 
These factors include the salt content of the soils and groundwater, 
the depth to watertables, soil types and land use. The most rapid 
salinisation occurs in situations where groundwater salinities are 
high, watertable depths are shallow, evaporation rates high and 
leaching of soils is ineffective. Even in situations where 
incipient salt status is low, and where leaching takes place 
gradual salt build up may occur (as shown below).
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oOifle examples oi changes to salt levels in the root zone of 
some Shepparton region soils include the following:
Soil Type 1 9 5 9 1 9 7 2 Percentage
Prior stream
(30 - 60 cm) 
(ppm)
(30 - 60 cm) 
(ppm)
change
soil 120 120 0
Lemnos Loam 180 230 28Goulburn Clay 170 3 5 0 106Goulburn Clay Loam 2 4 0 320 3 3Congupna Clay Loam 160 3 3 0 106Average 1 7 0
(Mehanni;
2 4 0
1 9 7 8 , 1 3 5 ).
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Summary
Government policies have encouraged the expansion of irrigation 
schemes during the past 70 years. This expansion has taken place 
in xespouse to social and political pressures, and as a result of 
government policies toward provision of infrastructure. Water 
supplied to irrigators has generally been under priced, in terms of 
its cost, thus encouraging demand. Due to the expansion of irrigation 
schemes watertable levels have risen, and salinisation has occurred 
where the inherent salt status of groundwater and soils is high.
As a result considerable tracts of land have become virtual 
wasteland, and has contributed to an overall increase in the salt load 
of the Murray River system.
Chapter Three:
21 .
Perception of Watertables an  ^Salinity.
This chapter will consider the landholder's awareness of 
of the changes brought by irrigation to regional groundwater 
conditions, and the perceived reasons for the changes that
have taken place. The second part of the chapter is concerned with what 
landholders feel are the implications of the changes to groundwater 
levels, both for their own region and other regions as well.
Landholder perception: Watertables
Question 19 (see Appendix I) sought basic information from 
landholders on first, whether they had high watertables on their 
farm and second, the depth of watertables present. The answers to 
this question are summarised in Table 3♦1 •
Table 3•1 Depth to Watertables.
Less than 
1 m
1 - 2 m Less than 
2 m
More than 
2 m
Don' t 
know
No data
•Shepparton 1 4 10 13 1 1
(N = 25) (4) (16) (40) (52) (4) (4)
Kerang 10 5 20 3 1 3
(N = 27) (37) (19) (74) (11) (4) (11)
Total 11 9 30 16 2 4
(N = 52) (21) 07) (58) (3D (4) (8)
Fifty eight percent of landholders surveyed believed that they 
had a watertable within 2 metres of the surface, or where the depth 
was not specifically known, believed that they had a high water- 
table. Comparison of landholder’s awareness with the regional 
watertable levels compiled by the Water Commission is shown in 
Figures 3*1 and 3*2 .
Owing to the regional nature of the depth to watertable maps 
only general comments can be made as to the relationship between the 
perceived and actual watertable depths at the time of interview.
In Kerang there is a close correlation between landholders 
statements and data compiled by the Water Commission on watertable
Fi
gu
re
 3
.1
 
Pe
rc
ep
ti
on
 o
f 
wa
te
rt
ab
le
s;
 
Ke
ra
ng
 r
eg
io
n.
2 2 .
X  -P
FüTTTT
23  .
C  c \
U  3
Ci—i c
•H  (tJ 4 J
0) CI,
4 J  0 )
24.
depths. By contrast Figure 3*2 suggests that Shepparton landholders 
are less aware of the depth of watertables, as shown by the numbers 
of landholders stating that they had watertables greater than 2 metres 
from the surface, but located in areas with shallow watertables.
This conclusion may however, be due more to the method of 
map preparation than an actual misperception by the landholders.
The contours shown give only a very generalised picture of the 
depth to watertables, and do not imply, that all points within a 
particular are equal. Examination of published test well data 
indicates the extent to which watertable depths can vary over very 
short distances (see Trewhella and.Webster; 1973, 175 and 177-8)* 
Leaving aside the individual cases, it does appear that at the 
regional level there is a close relationship between the perceived 
and actual depths. In other words, in Kerang most of the area has 
high watertables and most landholders believe that they have a high 
watertable. On the other hand 40 per cent of the Shepparton region 
has a high watertable (see Figure 2.4) and 40 per cent of those 
surveyed stated that they had a high watertable.
Landholders knew of the depth to watertables from.three sources* 
observations made during the course of farm operations, observation 
of Water Commission test wells (which measure the official water- 
table depth) and finally observation of groundwater bores used for 
water supplies (especially important in the Shepparton region). 
Landholders do not appear to systematically monitor watertable levels 
either by personally checking test wells or seeking information 
directly from the Water Commission. As such many landholders relied 
upon information from the past (which may have been up to 12 months 
old) or which is relevant to neighbouring areas.
Watertable Behaviour
Landholders were asked for information on how watertables 
behaved over time. Answers to these questions indicated that land­
holders drew upon their own experience of watertable conditions over 
time, rather than any abstract concepts of watertable behaviour. 
Whilst most knew that watertable levels had changed, landholders 
appeared to be more familiar with the larger annual changes rather 
than the smaller seasonal variation (see Table 3*2b). With more 
experience of high watertables, more Kerang landholders mentioned the 
periodic nature of the changes.
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When questioned as to whether the watertable levels had 
demonstrated any trends landholders were divided (see Table 3*3) • 
Whereas most Kerang landholders believed- that conditions had 
improved, Shepparton landholders were'equally divided amongst those
Table 3»2a Watertable Behaviour
Do watertable levels vary over time ?
YES NO NO DATA
Shepparton N 1 8
(N = 25) % (64) (4) (32)
Kerang N 18 - 9
✓-
-s 3 II no -o % (6?) - ( 3 3 )
Total N 34 1 17
(N -  52) %■ ( 6 5 ) (2) ( 3 3 )
Table 3.2b. If YES, in what way do watertables vary over time
Daily Seasonally Yearly Other
Shepparton N - - 15 1
• (N = 1 6 ) % - - (94) (6)
Kerang N 1 4 17 1
(N = i 8 ) % (6) (22) ( 9 ^) (6)
Total N 1 4 32 2
CN -  34) % (5) (12) (94) (6)
who either believed that the watertables had risen, fallen of had 
remained stable. .
Table 3*3 Watertable Conditions Over Time
Improve­
ment
Worsened Stable Variable DonT t 
know
No data
Shepparton 2 6 6 4 1 6
(N - 25) (8) (24) (24) (16) (4) (24)
Kerang 11 4 3 3 - 6
(N - 27) (41) (15) (11) (11) - (22)
Total 13 10 9 7 1 12
(N - 52) (25) (19) (17) (13) (2) (23)
Perception of Future Watertable Conditions
Landholders when asked for their opinions on future watertable 
conditions varied in their position (see Table 3-4). Although a range 
of opinions were expressed the overall response appears to be 
similar for both regions, that is an optimistic view of the future.
Table 3-5 Future Watertable Conditions
Pessimistic Stable Optimistic Unsure Conditional
Shepparton 4 1 5 3 9(N = 24) (16) (4) (20) (20) (38)
Kerang 1 4 11 2 7(N = 27) (4) (15) (Vi) (7) (26)
Total 5 3 16 7 16
(N - 51) (10) (10) ( 3 D (14) (31)
Kerang landholders were slightly mere optimistic as to the future 
than were their counterparts in the Shepparton region , suggesting 
that those with little actual experience of the problems adopted a 
more negative view. It is interesting to compare the conditional 
views that were made of the future: landholders in Kerang believed 
that if specified action was taken the problem would improve, 
whereas the Shepparton landholders that if action was not taken 
their position would only worsen.
Shepparton landholders expressed optimistic attitudes for 
three basic reasons: in the first place landholders expressed a 
generally optimistic stance such as "I don't think that it will 
worry me during my lifetime... they will find a solution before it 
gets really bad" ; second, an opinion based on past conditions 
"it won't change... don't see much change over the past 30 years 
(since the surface drainage system was installed)"; and third 
an opinion based on observation of local condit ions "don't think 
that it will get bad (here)...only in places with all irrigation".
In general the reasons given by Kerang landholders for their 
optimistic outlook are similar to those of the Shepparton landholders. 
Examples of these opinions include the following:
...with good farming, layout and drainage (there) should not 
be any salt problem...if not (then we are) left with a 
salt problem....
...Salting has occurred in the past...but we are fortunate now 
that we have the knowledge to solve (these problems)....
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T a b l e s  3 * 5 i 3*6 a nd  3*7 r e v e a l  t h e  e x t e n t  t o  wh i c h
l a n d h o l d e r s  s u r v e y e d  a r e  a w a r e  o f  t h e  e x i s t e n c e  o f  w a t e r t a b l e  
p r o b l e m s  i n  n o t  o n l y  t h e i r  own i m m e d i a t e  d i s t r i c t s  b u t  i n  o t h e r
T a b l e  3*^  A w a r e n e s s  o f  w a t e r t a b l e  c o n d i t i o n s  i n  t h e  l a n d h o l d e r s
d i s t r i c t
H i g h  w a t e r t a b l e s  on H i g h  w a t e r t a b l e s  i n  o t h e r  p a r t s  o f  t h e
t h e  r e s p o n d e n t s  own r e s p o n d e n t s  own d i s t r i c t
h o l d i n g ____________________________________________________________________________
YES NO No D a t a T o t a l
S h e p p a r t o n YES
NO
11
11 1 2 25
K e r a n g YES
NO
O
 
K
\ 
0\J - 2 27
T o t a l YES
NO
31
14 1 2 • 52
i r r i g a t i o n  d i s t r i c t s  o f  t h e  M u r r a y  V a l l e y  a s  w e l l  ( s e e  T a b l e  3*7) *  
A w a r e n e s s  o f  h i g h  w a t e r t a b l e  c o n d i t i o n s  i n  a r e a s  o t h e r  t h a n  t h e  
r e s p o n d e n t s  own f a r m  d o e s  n o t  a p p e a r  t o  be  i n f l u e n c e d  by  w a t e r t a b l e  
c o n d i t i o n s  on t h e  r e s p o n d e n t s  own f a r m .  Ho we v e r ,  a w a r e n e s s  o f  t h e
T a b l e  3*7 A w a r e n e s s  o f  W a t e r t a b l e  C o n d i t i o n s :  o t h e r  D i s t r i c t s  *
K e r a n g S h e p p a r t o n S u n r a y s i a S o u t h e r n
R i v e r i n a
S o u t h
A u s t r a l i a
S h e p p a r t o n 23 — 8 6 4
(N = 24) ( 9 6 ) ( 3 4 ) ( 2 5 ) ( 1 7 )
K e r a n g - 16 14 14 6
(N = 24 ) ( 6 7 ) ( 5 8 ) ( 5 8 )  1 ( 2 5 )
T o t a l 47 40 22 20 10
(N = 4 8 ) # ( 9 8 ) ( 8 3 ) ( 4 6 ) ( 4 2 ) ( 2 1 )
* F o r  l o c a t i o n  o f  d i s t r i c t s  s e e  F i g u r e  2 . 1  .
#  No D a t a  = 4 .
p r o b l e m s  o f  o t h e r  d i s t r i c t s  d i m i n i s h e d  w i t h  d i s t a n c e  f r o m t h e  
d i s t r i c t  m e n t i o n e d .  A w a r e n e s s  r a t e s  ( a s  m e a s u r e d  by f r e q u e n c y  o f  
m e n t i o n )  a r e  v e r y  h i g h  f o r  t h e  s t u d y  a r e a ,  b u t  f a l l  away q u i c k l y  f o r  
t h e  o t h e r  d i s t r i c t s .  A w a r e n e s s  o f  p r o b l e m s  i n  t h e  S o u t h e r n  R i v e r i n a  
i s  l e s s  t h a n  h a l f  o f  t h a t  f o r  t h e  s t u d y  a r e a .  A w a r e n e s s  o f  p r o b l e m s  
i n  S o u t h  A u s t r a l i a  i s  a b o u t  one  q u a r t e r  o f  t h a t  i n  t h e  s t u d y  a r e a  
i t s e l f .  D i s c u s s i o n  o f  t h e  g e n e r a l  r e l a t i o n s h i p s  b e t w e e n  i r r i g a t i o n  
a nd  w a t e r t a b l e  p r o b l e m s  i s  c o n s i d e r e d  a g a i n  b e l o w .
The problems of the Kerang region have made an impact on many 
of the Shepparton landholders, especially those who had actually 
visited the Kerang region. Adjectives such as "frightening", "terrible", 
"horrible", "disaster", and "destruction" were used by a few 
Shepparton landholders to describe what they had seen. In general 
there appears to be three different types of reaction by the 
Shepparton landholders.
First, "irrigation buggered that up",
Second, discussion of the implications of the problems in 
Kerang for Shepparton.
"Kerang...go on what has happened in the past.., 
frightening to think that this might happen here... 
historically have not irrigation schemes been ruined 
by salt...."
Third, the experience in Kerang has some lessons for landholders 
in the Shepparton region.
"...putting in drains at Kerang is like shutting the 
gate after the horse has bolted..."
"(we are) on the edge of the (salted areas) here...if 
we left water to lay (sic) on the surface we would 
probably have trouble (too)".
Perception of Watertables: Areas other than respondents own farm
Landholders were questioned on their knowledge of watertable 
conditions on neighbouring properties and their districts generally.
This exercise was useful in obtaining data from those landholders 
with no perceived problems, and second in testing for the universality 
of problems faced by the individual. The level of awareness of 
problems for neighbours and the district is shown in Tables 3.5,3.6 & 3.7.
Table 3-5 Awareness of watertable conditions on neighbouring land
High Watertables 
on Respondents Farm
High Watertables on Neighbouring Lands
YES NO No Data Total
Shepparton YES 8 1 4 25NO 5 7
Kerang YES 19 - 5 27NO 2 1
Total ' YES 27 1 9 32NO 7 8
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Reasons for Watertable Rise
Landholders put forward a number of factors which they 
believed were responsible for raising_watertable levels. These 
factors have been summarised in Table J . 8  below. Over the study area 
there is broad agreement as to the factors responsible for the rise, 
although no one, or group of factors, clearly emerges as being the 
most important. For instance, the most frequently mentioned factor 
(that is, lack of surface drains) is mentioned only by 35 per cent
Table 3*8 Reasons for Watertable Rise
Factor Shepparton 
(N = .24)
Kerang
(N = 27)
Total 
(N - 51)
A. Irrigation Related
1. Inadequate surface 8 10 18
drainage (3 3 ) (3 7 ) (3 5 )
2. Poor management & 8 9 17
techniques (3 3 ) (3 3 ) (3 3 )
3- Distribution systems 3 10 13
(channels, etc.) (1 3 ) (37) (2 6 )
'4. Irrigation general 7 5 12
(2 9 ) (19) (24)
5. Irrigation intensity 6 1 7
(25) (4) (14)
6. Other 6 5 11
(2 5 ) (19) (22)
B. Non-irrigation 
Related
1. "Deep Leads". - 8
(30)
8
((1 6 )
2. Wet seasons 3 3 6
(1 3 ) (11) (12)
3. Land clearance - 2
(7)
2
(4)
C. Don't know/Unsure 5 4 9
(21) (15) (1 8 )
Average number of
suggestions made 1-9 2.1 2
of all respondents. This lack of consensus is partly explained by 
the relatively small number of factors mentioned by landholders 
(an average of 2 factors per respondent).
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Landholders differ from research workers in their assessment 
of the factors responsible for the rise in watertable levels. Based 
on a review of watertable research by Cornish (1976) the following 
comparisons can be made.
The Water Commission describes the purpose of the surface drainage 
system as to remove groundwater intercepted by the drains, excess 
water applied on farms, unavoidable outfalls from the channel 
system and storm run-off (S.R. & W.S.C.; 1975, 36). As such the 
surface drains are seen as being "essential to minimise and delay 
the onset of water table problems" but not prevent watertable rise 
as "areas which have good surface drainage schemes still have found 
that water tables have become general" (Cornish; 1976, 25). This 
official view appears to contrast with that of the landholders who 
believe the lack of surface drains is foremost amongst factors 
raising groundwater levels.
In a similar fashion landholders appear to differ with the 
officials as to the role of poor irrigation management and channel 
seepage (which appear as the second and third respectively most 
frequently mentioned factor). On the importance of management and 
seepage Cornish is uncertain (1976, 5), and suggests 
that "the contribution of irrigation on the farm to groundwater 
accessions is unknown" (1976, 5).
Finally there is even some difference opinion as to the
role of wet seasons in building up watertable levels. Whereas few 
landholders considered that the wet years were significant in 
raising watertables, Cornish has stated "excessive rainfall and 
floods have been the major source of groundwater accessions (and even) 
in"normal" rainfall years there is a gradual increase in water tables" 
(Cornish, 1976, 5). The small number of landholders mentioning the 
wet seasons as a factor (6) is interesting, when considering the 
number of landholders who associate the onset of watertable (and 
salinity) problems with extreme wet years (such as 1931, 1956, and 1974).
Cornish's view on the factors being most responsible for the 
rise in watertable levels raises the question of the relationship 
between irrigation (as a form of land use) and the changes to the 
groundwater conditions. This relationship'is seen as an important 
factor in understanding the position of landholders who farm in the 
irrigated areas and face the prospect of watertable and salinity 
problems developing, if they have already not developed.
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The position of Cornish, on the relationship between irrigation 
and watertable rise, appears to be ambiguous when he states that 
excessive rainfall and floods have been the major cause of ground- 
water accessions". There is nowhere in this statement, and in other 
conclusions made (see 1976, 5) •> any link between irrigation and the 
rainfall regime. An alternative, or at least less ambiguous position 
has been stated by Stannard; thus
Prior to irrigation...accessions to groundwaters would have 
occurred as a result of high rainfall or flooding, but 
would have been of minor significance, having no 
prolonged effect on (groundwater) levels.
(Stannard; 1978, 117)
There is some evidence to suggest that landholders too share 
an ambiguous view of the relationship between irrigation and the 
rise in watertable levels. In the first place, landholders perceive 
that factors other than the direct application of water to the 
ground were responsible for the rise (that is, lack of surface 
drains and channel seepage). It is also interesting to note that 
the provision of these facilities (drains and channels) is the 
responsibility of the Water Commission and not the individual 
landholders. Furthermore, landholders believe that it is faulty 
irrigation techniques, and not irrigation per se, that is to blame-
oecond, many landholders (especially in the Kerang region) 
attempted to reconcile their position (on the conflict between the 
problems created by irrigation and the benefits of irrigation) with 
statements such as the following
"...(there is) more production from the good (that is, 
unaffected) areas (than) from the whole region unirrigated",
"...the more weirs put down the Murray the worse off 
everyone will be...but got to have them..." and
"•••we could not exist without irrigation...." .
Third, it is interesting to compare the views of landholders 
as to the perceived advantages and disadvantages of their areas for 
farming (see Question 18). A large proportion of landholders in the 
Shepparton region considered that irrigation (and closer settlement) 
was the main advantage of their area for farming. By contrast few 
Kerang landholders mentioned irrigation specifically as an advantage 
of their area. Some examples of statements by Shepparton landholders
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include the following:
"the advantages(of irrigation) far outweigh any dis­
advantages ... irrigation is the biggest advantage of all... 
(it) gives stability, reliability (and) enables (us) 
to diversify",
"(irrigation) can control drought... don’t have to rely 
upon rainfall",
waber is our life blood...no such thing as a drought",
irrigation.».all risk taken out...more confidence in 
the area...builds up community and services"
With fewer landholders in the Kerang region explicitly stating that 
irrigation is an advantage, perhaps with greater experience of 
water table (and salinity) problems they are less certain of the 
benefits oi irrigation than their counterparts in the Shepparton area.
Implications of changes in watertable conditions
Amoungst research workers the inexorable rise in watertable 
levels in the Shepparton region and the continued presence of high 
watertable levels in the Kerang region is viewed with disquiet.
Yet the presence of large bodies of water under the ground presents 
opportunities as well as problems for the landholder. This section 
looks at some of the attitudes held by landholders toward the rise 
in watertable levels and considers what implications are made- as to 
the future of farming in the region so affected. The implications 
of the rise in watertable levels is summarised in Table 3.9
There are distinct regional patterns in the assessment of the 
rise in watertable levels. Whereas Kerang landholders pointed out 
the negative aspects of watertable rise (such as creating the 
salinity problem, affecting pasture production and killing native 
trees) the Shepparton landholders adopted a more ambivalent attitude 
to the rise. The Shepparton landholders pointed out that although 
watertables were creating some salinity problems, they were not 
having any proolems themselves (although the orchardist might be), 
and that in fact the groundwater present could be used as a 
potential source of extra water.
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Salinity in the study area
ihe second aspect of the perception section of the interview 
is concerned with the landholders knowledge of and attitudes toward 
salinisation of the soil profile. When asked whether landholders had 
any areas on their farms where "salt is present" 58 per Cent of 
landholders said yes (see Table 3.10) . In order to classify the 
eocripfcions given of the salt affected areas on respondents farms 
four categories of salt effects have been used.
Implications of high watertables for landholders.
Effect Sheppar ton 
(N = 2 4 )
Kerang 
(N = 2 7 )
Total 
(N = 5 1 )
1 . High watertables are 12 20 3 2
(63)creating salt problem. (50) (7 4 )
2 . Lower watertables is 6 21 27
(53)solution to salt problems. (2 5 ) ' (7 8 )
3 - Having no affect on 
pasture production.
18
(75)
3
(1 9 )
23
(4 5 )
4 . Watertable is killing 16 6 22
(4 3 )orchard trees. (67) (22)
‘4 . Groundwater suitable for 18 4 22
(4 3 )water supply. (75) (1 3 )
6. Watertable is killing 6 8 1 4
(2 7 )native trees. (25) (3 0 )
7 * Affecting production of 1 11 12
(2 4 )pastures. (1) (4 1 )
8. Use groundwater for 
water supply (now).
8
(3 3 )
1
(4 ) 9(18)
9 • Salinity depends on 1 4
5
(10)watertable depth.
---------------------------------
(4 ) (1 5 )
Table 3*10 Salinity on respondents farms
On your farm do you have areas where salt 
is present ? (Question 1 9 )
YES NO Total
Shepparton N 7 18 2 5
% (28) (7 2 )
Kerang N 2 3 4 2 7
% (83) (15)
Total N 3 0 22 3 2
% (5 8 ) (4 2 )
1. Non-affected land: all soils have salts in them, although not all 
levels of salt have an affect upon plants grown.
2. Losses in Productivity (Type I Problems). Occurs in pure
pasture stands and crops where overall yield (dry matter/unit area)
is reduced, whilst the integrity of the pasture or crop is
1
maintained. For example, in a winter cereal (barley) a 0 to 10 
per cent reduction in yield may occur where salinity levels are 
up to 0.1 per cent of the soil. Further reductions of 10 - 50 
per cent may occur as salinity levels approach o.5 per cent.
3* Intermediate Losses (Type II Problems). An intermediate stage
readied when the pasture composition changes from that of a "pure" 
pasture to that of a mixture of the more tolerant pasture species, 
weakened pasture plants and halophytes. For example, as the salt 
content of the soil increases from 0.01 to 0.1 per cent, an 
annual pasture will change from a strong stand of subterranean 
clover and wimmera rye grass to a stand of mainly barley grass 
(a salt tolerant grass) with some wimmera rye grass and subterranean 
clover only on the banks. In this example the overall production 
(dry matter) declines from 12,500 kg/ha to 7,500 kg/ha (a decrease 
of 40 per cent) .
4. Halophytes Only (Type III Problems). This class of land embraces 
a large range of salt affected lands, characterised mainly by 
the absence of any pasture or crop species. Type III Problems 
range from the halophytic grasses to halophytic shrubs, and in 
extreme situations salt efflorescences. In this category production 
does not rise- above 2,000 kg/ha.
Using the above classification system the descriptions given 
of the salt affected land by landholders can be summarised in the 
following way (see Tables 3.11 and 3.12). There is a distinct 
difference between the two regions surveyed as to the presence of 
salting on the respondents farms. Almost 80 per cent of holdings in 
Shepparton reported no salting, compared to the 80 per cent of 
holdings in the Kerang region which did have salinity problems.
1. Examples for these categories are taken from information
supplied by J.O. Ferguson of the Ministry for Water Resources 
and Water Supply, Melbourne.
35 -
When questioned as to the description of the salt affected 
areas, few landholders stated that they had problems of a Type I 
and to a lesser extent Type II nature. It is interesting to note 
that most interviews were taken up with the description of and the 
problems created,.by Type III salting. This situation is common to
Table 3-10 Kerang Region: description of salt affected lands
Type of problems described by landholders.
Type of Farm None Type I Type II Type III Total
Summer pasture 
dominant *
1
(25)
1
(25)
2
(50)
2
(50)
4
Neither pasture 
dominant *
4
(44)
1
(11)
1
(11 )
5
(55)
9
Winter pasture 
dominant * 3(23)
7
(54)
11
• (85)
13
Total region 5
(19)
5
(19)
10
(38)
18
(69)
26 *
,, ~ ----- UUi“-Lliau|' wueie u  comprises more
than two thirds of the total area devoted to pastures on the farm. 
# No data = 1.
Table 3.11 Shepparton Region: description of salt affected lands
Type of problems described by landholders
Type of Farm None Type I Type II Type III Total
Summer pasture 10 — 1 1
((8)
12dominant * (83) (8 )
Neither pasture 
dominant *
8
(73)
1
(9)
- 3
(27)
11
Winter pasture 1 1dominant * (100)
Total 19
(79)
1
(4)
1
(4)
4
(17)
24
see Table 3.10
both regions surveyed.
The most frequently mentioned problem is that of the Halophyte 
** Type III , which were often associated with the Intermediate
or Type II problem. Indeed it is interesting to note that most of the 
T^pe II problems cited existed only together with the the Type III 
problems, and only rarely independently of the latter class of problem. 
The Type III problems cited may be divided into two distinct groups.
The first group, is characterised by small isolated pieces of
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salinised land (usually devoid of vegetation) found on farms dominated 
by perennial pastures. These peices of land were often referred to, by the 
landholders, as 'salt patches", and were considered to be the only evidence 
of salting on certain landholdings. To most the appearance of these patches 
indicated that management was in need of changes; such as a reduction of
stocking rates and improving the layout of irrigated land to increase leaching 
of soils.
The second group of Type III problems are characterised by large saline 
tracts (ranging in size from 4 to 120 hectares), located on the larger 
proerties dominated by annual pastures. Typically these saline tracts are 
described as having a core of very saline land with little vegetation surrounded 
by land with decreasing salt levels. At the margins of such tracts (often 
large depressions) Type II problems are evident (that is, a mixture of salt 
toleiant grasses and pasture plants).Farms exhibiting these type of problems 
are found only in the Kerang region, especially in the catchment of the 
Bari Creek and in the Pyramid Hill area (to the south).
Few landholders mentioned problems created for machinery by salinity 
and by the use of saline water domestically (causing problems of hardness) and 
as. a water supply generally. Problems of this type were more commonly 
mentioned by Shepparton landholders who pointed out that saline water could not 
be used in gardens and would corrode domestic appliances and dairy equipment 
when used as a water supply.
Effects on farm production
The effects upon farming can be grouped as first, direct or indirect 
monetary losses caused by salting and second, changes made to the 
management of farms to ameliorate the effects of salinity. The latter 
effects will be discussed in following chpaters.
In general the assessment of the monetary effects of salinity on 
the respondent s farms referred only to the monetary (or productive) 
losses from the land defined to be 'salt affected'. In answering follow 
up questions to those posed in Question 19, landholders reiterated the 
point that salinity problems are a dichotomy. In other words either an 
area is affected or it is not, without grey areas between.
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Most landholders found it difficult, in the course of the 
interviews, to accurately estimate the monetary costs of salinity 
to their farm. Losses were often not expressed in terms of money 
but in terms of productive capacity,(making comparisons to ideal 
productive capacity), or as simply the loss of such an area of 
land (numbers of ”acres"of land not producing fully). There may be 
two reasons for such an imprecise knowledge of monetary losses. 
First, it is unrealistic to expect landholders to calculate losses 
during an interview that only lasted for a short time. Second, 
farmers use loss of productive capacity (that is, stock carried or 
acres lost) as a surrogate for lost returns. It could be assumed 
that landholders have an approximate concept of the relationship 
between production and income generated.
A large number of variables appeared to influence the 
assessment made by landholders of the effect of salting on their 
farms. These variables included the size of problem area, the 
size of the salted area in relation to the whole farm, the
land use and finally individual characteristics. The latter factors 
included the age of the landholder, whether there were children 
who were willing to farm after the landholder retired and general 
attitudes toward the future of farming. Farmers who were older, an(i 
had no-one to whom the farm could be left, were less likely to 
be concerned about salting. In these situations there appeared to 
be very little incentive to undertake any reclamation programs.
Regional effects of salinity
One of the'most contentious issues arising from salinity 
problems on the Riverine Plain of the Murray Basin, is that of the 
increase in the salinity levels of the Murray River itself and the 
problems that this increase has created for all "downstream’1 users.
Table 3*^2 Regional effects of salinity
Do the effects of salting extend beyond 
your own region ? (Question 28)
Yes No Unsure/ 
Don't know
No data
Shepparton 12 - 4 9
(N =-25) (48) (16) (36)
Kerang 20 - 4 3
(N = 27) (74) (14) (11)
Total 32 - 8 12
(N = 52) (62) (15 ) (23)
33.
Tlie majority (62 per cent) of landholders knew that salinity 
levels in the Murray River had increased due to the outfalling of 
saline water from the study area. However, 15 per cent of 
landholders did not know, or were'unsure, of the fact that saline 
water was finding its way into the Murray system. Moreover, many 
of the kerang landholders became sensitive as to the actual level of 
salts outfalling into the Murray from that region. Whilst many 
acknowledged that saline flows were creating problems for downstream 
users, Kerang landholders were at pains to point out that the 
contribution of the Kerang region was only one among a number. 
Salinisation: Explanations
As Shown in Table 3-9 two thirds of landholders surveyed 
associated salinisation with the rise in watertable levels over the 
region. However, landholders differ in their opinions as to the 
precise nature of the relationship between salinisation and the 
rise in watertables (see Table 3.13).
|rable 3 -13 Reasons for salinity build up: summary
Shepparton 
(N = 24) Kerang (N = 27)
Total 
(N = 51)
1 . Underground 
pressure 7(29) 3(11) 10(20)2 . "High water- 
tables" 3(13)
6
(22) 9(18)
3« Capillary rise
*
1, t  1 --
3
(13)
5
(19)
8
( 1 6 )4 • Lateral 
movement 1(4) 3(19)
6
(12)3* Poor Layout 2
(8) 1(4) 3( 6 )0 . Other reasons 3
(13)
2
(8) 5(10)
7• No Data 5
(21) 4(15)
9
(18)
To explain the meaning of these summary reasons the following 
quotations can be used as illustrations:
1. Underground pressures:
2
water goes down...(and) 
resistance (water) will 
to the. top" ,
where (there is) weakest 
come up ... bringing salt
underground watertables push salt to the 
pressure builds up and pushes salt up".
High watertables:
top...the
"salinity is only incidental to the watertable"
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"salting caused by continual flooding for irrigation 
as underground streams become flooded..."
"watertable is not far down...wherever it is up high 
then (there will) always be a (salt) problem..."
3. Capillary rise:
"as moisture evaporates it leaves salts on the surface",
"capillary action due to the sun brings salt to 
the surface",
"sun beating down draws salt up to the surface",
4. Lateral pressure:
"salting (appears) through a high watertable... 
pressure from the higher land is forcing salt out 
on. the lower areas..."
"water (table) seeks its own level between the high 
and low land... the salt is brought up .by the sun",
3- Other reasons typically relied upon observation and not upon
abstract concepts as used in the above examples: viz,
"salting (is) worse during(the) dry years...(this) 
brings the salt to the top...during the wet years 
salt is being washed out",
"salt is worse in the low black ground...(the situation) 
is good on the high red ground",
"any low lying country is the worst...if it’s high 
ground it's all right".
The reasons given by landholders for the build up of salt 
levels are . firstly a description of situations
in which salinisation is likely to occur, and seCondly a description 
of the mechanisms by which salt is transported through the soil 
profile. The landholders knowledge of how salts are transported 
through the soil profile is given in Table 3-^3 • Where landholders 
did not give such mechanisms their explanations have been shown 
as "Other reasons".
A comparison of Tables 3*9 and 3*^3 reveals an interesting 
situation in terms of the landholders attitudes toward salinity 
problems. On the one hand the majority of landholders associate 
salting problems with the rise in watertable levels, whilst on the 
other hand there is a lack of understanding of how salinisation 
occurs. Overall, leaving aside some regional differences, landholders 
have not agreed-as to the mechanisms of salt transport. For each of 
the mechanisms cited (underground pressure, high watertables, 
capillary rise and lateral movement) fewer than 20 per cent of 
landholders have opted for any one of the particular mechanisms.
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Further, the low number of landholders (l6 per cent) mentioning 
capillary rise must be viewed with some concern, as this factor 
is the principal mechanism for the movement of salts through the 
soil profile.
Discussion
The presence of high watertables was viewed differently by 
landholders across the study area. The differences in opinion are 
largely due to the effects, and potential effects, that the rise 
in watertable levels is having on farm production. In the Kerang 
region high watertables were viewed with concern by landholders 
due to the perceived links between high watertables and salting. 
Further there is a strong feeling amongst Kerang landholders that 
the solution to their problems can only come with a lowering of 
the now high levels. To the Shepparton landholders, attitudes 
toward the rise in watertable levels differ from those landholders 
in the Kerang region.
To most landholders in the Shepparton area, watertables were 
having no direct effect on their farms. Where watertables were 
seen to be a problem, their effects were in most cases only 
marginal. To many Shepparton landholders the presence of ground- 
water close to the surface was viewed positively, as it 
represented a potential source of water to augment supplies from 
the Water Commission. On balance however, even Shepparton landholders 
viewed the rise in watertables with concern. This concerned 
attitude is however based on the long term view, which suggested 
that significant salinity problems will occur at some point in 
the future as a result of persistently high watertables.
Landholders generally speaking underestimated the extent of 
the effect of salinity on their farms. This conclusion is based 
first, on the actual descriptions of areas salt affected on the 
farms and second, the awareness of the basic mechanisms linking 
watertables and salting. Landholders generally perceived salt 
affected areas of their farms and other parts of their district, 
as those areas which are visibly salt affected. These areas include 
those which have no vegetation, or have only salt tolerant 
vegetation. Very few landholders were aware of the losses in 
productivity that occurred in the areas seemingly "unaffected".
This pattern of awareness is similar to that found in other surveys 
of irrigation districts (Ferguson; 1974).
The perception of the effects of salting on the farm, in 
terms of income and production, is a complex issue. Assessments 
varied according to a number of factors, including the type of 
problem (the area affected and loss in production, the size of the 
salt affected area in relation to the total farm size), and variables 
related to the landholder (including age and future expectations).
In other words, the perception of the problems was seen primarily 
in terms of the direct effects upon the respondents farm.
Landholders, especially in the Kerang region, were sensitive 
to the regional effects of salinity problems of the 'irrigation 
districts. Whilst no landholders denied that they were contributing 
to the salt load of the river many seemed unaware of the extent of 
the problem, or at least pointed out that they were not the only 
persons at fault.
Very few farmers understood the nature of the mechanisms 
linking watertables and salting. This is suggested as a major 
factor in the underestimation of the extent of salt affected land. 
Even where folk explanations were used, they related almost 
always to the most serious (or Type III) problem. There would
seem to be a number of implications stemming from these conclusions. 
Behaviour it is suggested is a function not of declining 
productivity levels, but rather when the situation gets to the 
point of more extreme salinity levels. More fundamental changes 
may be necessary to management practices in order to avert 
potential serious problems, rather than adjusting to problems 
after it has become very serious. These questions will be taken 
up again in a later chapter.
Chapter Four- Landholder Behaviour
A number of issues are discussed in this chapter concerned with
measuring the response of landholders to the hazards and potential 
hazards posed by high watertables and salinity. These issues 
include actual behaviour by landholders, the attitudes toward some 
of the solutions put forward by government officers and the reasons 
for the adoption of specified management strategies. Of particular 
concern is the implications for the quality of Murray waters of the 
behaviour of landholders.
Perception of the range of choice in land use
About 80 per cent of landholders surveyed believed that they 
had at least one alternative to their present land use (see Table 
4.1) . Landholders were however, reluctant to adopt many of the
alternatives suggested, indicating a level of satisfaction with 
existing land use patterns. The future direction of land use would 
appear to be toward an intensification of existing land uses, and 
a reduced reliance upon pasture based industries as a source of 
income. Landholders are seeking to increase the productivity of 
their available land and water resources, which in turn may lead to 
increasing pressure on land resources and create extra demands for 
water resources.
c Future - land use options
did not appear to be constrained by the presence of, or even the 
threat of salinity problems. With the exception of one landholder 
in Rochester (Shepparton region), who felt that he could not grow 
vegetables because of the salt in his soils, all landholders did 
not consider salt as a possible constraint. However, it also should 
be noted that most of the alternatives considered were more tolerant 
of saline conditions and few landholders considered as alternatives 
crops susceptible to saline conditions. It still remains, in
these early discussions, salinity was not considered explicitly
as a constraint for any alternatives put forward.
Perception of the rsngs of choice of practices and. strategies for reducing 
losses caused by high watertables and salting.
Landholders were asked for their opinions as to whether action 
could be taken to ameliorate the effects of salinity and high watertables 
and for their opinions as to the most effective action that could be 
taken. Ihese questions were posed before more detailed information was 
sought on the actual behaviour of landholders.
Table 4.1 Perception of Types of Alternatives
Present Land Use, . Alternative Land UsesDistricts
C7>
K e r a n g  n 
( N= 5 )  %
No D a t a D a i r y i n g C r o p p i n g 1 '  c u l t u r e L i v e
s t o c k
- -
s u m m e r w i n t e r
1- 2
( 4 0 )
3
( 6 0 )
•1—
>> S h e p p a r t o n  n 4 - 4 2 5 2S^- 
•1— 
ro
( N = 1 3 )  % ( 3 1 ) ( 3 1 ) ( 1 6 ) ( 3 8 ) ( 1 6 )
Q S u b t o t a l  ( N= 1 8 )  n 4 - 4 4 6 5
% ( 2 2 ) ( 2 2 ) ( 2 2 ) ( 3 3 ) ( 2 8 )
K e r a n g  n - 3 3 2
<SI
CD CD
( N = 6 )  % - - ( 5 0 ) ( 5 0 ) - ( 3 4 )
C C S h e p p a r t o n  n 1 - 1 - 1 2
>a r -
c  r  (D 
• r- 4-> "O
( N= 4 )  % ( 2 5 ) - ( 2 5 ) - ( 2 5 ) ( 5 0 )
ro *r- *i— 
Q  3  C/0 S u b t o t a l  ( N = 1 0 )  n 1 4 3 1 4
% ( 1 0 ) ( 4 0 ) ( 3 0 ) ( 1 0 ) ( 4 0 )
CD 
CD C K e r a n g  n 1 3 7 8 3 4C  T-
•1—  N
X) a m
( N = 1 4 )  % ( 7 ) ( 2 1 ) ( 5 0 ) ( 5 7 ) ( 2 1 ) ( 2 8 )
CD C l S- 
X  O  CD S h e p p a r t o n  n 2 1 2 _ 1•r- U. 
Z O o 3 ( N = 6 )  % ( 3 3 ) ( 1 6 ) ( 3 3 ) - - ( 1 6 )
TOTAL ( N = 2 0 ) 3 4 9 8 3 5
( 1 5 ) ( 2 0 ) ( 4 5 ) ( 4 0 ) ( 1 5 ) ( 2 5 )
TOTAL REGION (N=48) 16 4 17 15 10 14
( 3 3 ) ( 8 ) ( 3 5 ) ( 3 1 ) ( 2 1 ) ( 2 9 )
.
Question 33 asked landholders "Is there anything that can be done 
about high watertables and salting in your area ?" In general land­
holders were very optimistic that there was something that could be 
done, as they usually responded to this question by giving "practical" 
examples of what could be done. Any reservations
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expressed were based upon socio-political and economic grounds, 
as all believed that the technology was available for both 
reclamation and prevention.
Landholders were asked what strategies they would recommend to 
a meeting of irrigators, to indicate what they believed to be the 
most effective solution to their problems. Their recommendations 
are shown in Table 4.2 . It is apparent from the answers given 
that landholders believed themselves to be addressing "the government"
Suggestions to a meeting of irrigators
Shepparton 
(N = 24)
Kerang 
(N = 27)
Total 
(N = 51)
1. Increased surface 6 11 17
(33)drainage (25) (41)
2 . Improved irrigation 4 10 14management (17) (37) (2 7 )
3• Groundwater 3 4 7
(14)pumping (11) (17)
4. Leaching 1 4 5
(10)(4) (17)
5- Pipeline to sea - 4
(17)
4
(8)
6 . Government finance 1 1 p
(4) (4) (4 )
7- Lower Lakes and — 2 pchannels (7) (4)
4. Evaporation 2 pbasins (7) (4)
9* Peep lead ground- - 2 2water pumps (7) (4 )
10. Unsure 8
(33)
- 8
(16)
11. Other 4 4 8
(16)(15) (17)
12. No Data 3 2 5
(10)( 13) (7)
Totals 20 43 63
Average number of 0.8 1.6 1.2suggestions
j
and irrigators only to a lesser extent. This attitude is reflected 
in the number of suggestions relating to facilities that only 
the government can provide (or has provided in the past),
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including improved regional surface drainage schemes, groundwater 
pumping, increased supplies of wsrter for leaching, a pipeline to 
the sea (to dispose- of saline water), lowered lake and channel 
levels, deep lead groundwater pumping and of course increased 
government financing. One landholder at least suggested that a new 
government department be established to reclaim the salinised areas. 
By comparison few landholders suggested strategies that the 
farmers themselves could take to ameliorate the effects of 
salinity (only 2? per cent suggested improvements to irrigation 
management). This attitude seems strange when considering later
answers to questions on the range of options available to landholders 
in solving their problems.
It is interesting to note however, that the answers to this 
question are similar to those found by Saarinen in his study of 
drought perception in the United States (Saarinen; 1966, 80 - 83). 
Saarinen found that only four strategies were suggested by more than 
10 per cent of respondents (two in this study), and that the 
average number of suggestions was less than 2 (this study 1.2)
One therefore might adopt a similar conclusion to Saarinen from 
these results, viz "that the range of choice of practices 
considered effective ... is quite restricted for the individual 
farmer" (Saarinen; 1966, 82).
Awareness and rates of adoption of specific 
by government officials strategies recommended
Government agencies working in Northern Victoria have put 
forward several control measures for adoption by landholders with 
salinity problems. This section discusses several of these control 
measures using an uniform approach. Information was sought from 
landholders on awareness of the measure in question, the motivation 
for initial information search, reasons for adoption (or non­
adoption) and finally some assessment of the adopted strategy.
The measures for discussion in this section include, layout 
of irrigated land, the re-use of irrigation water, the use of 
methods to control watertable depth, the use of plants which are 
tolerant of saline conditions and the use of partially saline water 
on irrigated crops and pastures.
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Irrigate on Layout
Land layout for irrigation is the collective term for the 
system used to distribute water over the soil surface to supply 
plant water requirements. The principal parts of the system include 
channels, an artificially smoothed sloping land surface, a series of 
small guide banks to direct the flow of water and finally a system 
to dispose of excess water.
The Department of Agriculture has placed emphasis upon the
need for a high standard of irrigation layout on farms. The benefits 
of good land layout include improved drainage, production and water 
use efficiency, and decreased labour requirements during irrigation 
periods (Small; undated, 3 and Girdwood; undated, 1). Further, 
excellent layout is considered as the "first requirement in 
reclaiming saline land" by Kerang extension officers (Jones; 
undated, 1) and by the Shepparton officers to "leave farmers in a 
much better position to cope with high watertables and salinity" 
(Cornish; 1976, 33).
Landholders were questioned on the layout of their farms in 
the initial section of the interview (see Questions 15 - 17), before 
questions on watertables and salinity. In general landholders 
perceived that relayout was desirable for at least part of
their farms, as is shown in Table 4.3 . This high rate of awareness 
is matched by an equally high rate of adoption , as 70 per cent of 
farmers perceiving relayout as desirable had begun relayout schemes. 
However, landholders often saw the need for improvements to their 
irrigation systems in terms different to that of the officials.
Relayout as perceived by officials may involve substantial 
changes to the structure of the whole system. These changes may 
include the alignment of channels, the grade of irrigated areas, the 
evenness of slopes and the numbers of guide banks. A large proportion 
of landholders perceive layout in terms of less radical alterations 
to the system. Relayout is seen usually in terms of improving the 
evenness of slopes rather than the alteration of the structure. 
Overall changes therefore, to the structure of irrigation layout may 
take some time before they are more widely adopted than at present.
Most landholders became aware of the need for relayout of their 
pastures mainly through the experience of irrigating (see Table 4.4).
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-uandholders felt dissatisfied with their layout due mainly to the 
time taken to irrigate pastures or difficulties of irrigating land. 
Landholders who cropped their land were more aware of the need for 
relayout, as relayout programs could be incorporated into the 
crop rotations.
Table 4.3 Perception and adoption of relayout programs
Have you adopted a program to relay 
your irrigated land ?
Do you perceive 
relayout to be desirable ?
Shepparton 
(N = 18)
YES NO Total
11
(6 1 )
7
(3 9 )
~ W ~
YES Kerang 
(N - 23)
20
(8 7 )
3
(13)
23
Sub-total 
(N = 41) 31(76)
10
(24)
41 (93)#
Shepparton 
(N - 3 )
- 3
(1 0 0) 3
NO Kerang 
(N = 0)
- - -
Sub-total r
(1 0 0)
3 (7)#
Region Total 
(N = 44) 31(70)
13
(3 0 )
44 * -
# Column percentages.
* No data = 8 (Shepparton = 4, Kerang = 4).
The importance of personal convenience as an awareness factor 
is reflected in landholders opinions as to the benefits of relaying 
their pastures (see Table 4.5). Landholders believed that relayout 
reduced the amount of time spent irrigating, an(j gaVe
"economic" benefits such as reduced water water use and increased 
production. Landholders generally perceived the advantages of a
Table 4.4 Initial awareness of need for relayout programs
How become aware of 
need for relayout ?
Shepparton 
(N = 11) 
(% freq)
kerang 
(N = 19) 
(% freq)
Total 
(N = 3 0 ) 
(% freq)
1. Personal observation 
2 „ Part of crop rotation 
3- Incorrect layout
4. Water lying on paddocks
5. Departmental sources
6 . Water being wasted
7. Water'becoming expensive
8 . Part of reclamation 
9* Other
36
36
18
9
18
26
16
10
10
16
5
5
5
16
30
23
13
10
10
3
3
3
17
Average number of reasons 1 .2 1.1 1 .1
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relayout program in the same terms as the government officials. It is 
significant to note that relayout as either a strategy to reduce the 
likelihood of salting or aid in the reclamation did not figure 
prominently in the minds of landholders. This finding contradicts the 
answers to some later questions, where- landholders stress the importance 
of relayout programs in reclamation and prevention of salting problems.
Land use influenced the rate of adoption by landholders, especially 
the area of land actually altered by relayout. Dairy farmers were 
least likely to change the structure of their layout when compared to 
the mixed properties. Non-dairying landholders were able to
Table 4. '3 Advantaqes o f  Re lavou t  Proarams.
A. Landho lders  Adop t in g  Re layou t  Programs
Kerang ( N=19) Shepparton ( N =11) To ta l
7 o  f requency % frequency (N=30)
1. Water more " e f f i c i e n t l y " 53 45 50
2. Reduce la b o u r  in p u t 37 55 43
3. Increased p ro d u c t io n 37 18 30
4. Preven t  s a l t i n g / h i g h  w a te r ta b les  21 27 23
5. More f l e x i b l e  approach 10 - 6
6. 'Open' ground 10 - 6
7. B e t t e r  d ra in age - 9 3
8. Less maintenance 5 _ 3
9. Other 5 9 6
Average number o f  b e n e f i t s 2 2 2
B. Landho lders  Not Ad op t in g  Re layou t  Programs
Kerang (N=3) Shepparton ( N=10) To ta l
7 o  f requency 7 o  f requency ( N=13)
1. Ease o f  wa te r 40 31
2. Reduced w a te r  used 33 20 23
3. Reduce la b o u r  i n p u t 33 20 23
4. Inc reased p r o d u c t i o n - 30 23
5. No weed problems - 20 15
6. Preven ts  s a l t i n g - 20 15
Average number o f  b e n e f i t s 0.6 1.5 1.3
layout more land because;
a) the larger size of the holdings enabled more land to be out 
of production at any given period,
b) relayout programs could be incorporated into crop rotations, and
c) non-dairy farmers had more access to the heavy machinery needed 
for relayout programs.
4 9 .
Many of these reasons are evident in the factors listed by 
landholders for the non-adoption of relayout programs as shown in Table 
4.6 . Adoption rates were much lower in the Shepparton region due 
possibly to a greater proportion of the smaller intensive dairy farms 
(who could not finance layout or afford to have land out of production). 
It is also suggested that the considerable emphasis to better layout
Table 4.6 Reasons for non-adoption of relayout programs
Shepparton 
(N = 10) 
{% freq)
Kerang 
(N = 3) 
(% freq)
Total 
(N = 13) 
{% freq)
1. Availability of finance 60 33 542. Existing layout adequate 30 - 233. Layout decrease production 40 - 314. Cannot afford land to be
out of production 30 — 23
5. Other 70 33' 62
Average number of reasons 2.3 0.6 1.9
by departmental offices in Kerang is being reflected in the higher 
rates of adoption in that region.
Re-use systems
Re-use, as the name implies, involves the recycling of water 
previously used for irrigation. Surplus water arises as an "inevitable" 
part of flood irrigation systems and due also to the need for • 
water to leach salts (in excess of plant requirements) and management 
errors. Re-use systems have been advocated for adoption firstly, as 
an additional source of water, secondly to reduce watertable levels, 
and thirdly to reduce saline outfalls to the Murray River (Schuppan; 
undated). There are three basic types of re-use system; first, 
draining water from one paddock to another, second, collect water in 
drains and store for later use in dams, and third, pumping directly 
from Water Commission surface drains.
There was a high level of awareness by landholders of the 
usefulness of re—use systems, (see Table 4.7) sind 60 per 
cent adopted some form of re-use - system-. There appears to be a number 
of factors creating an initial awareness of the need for re-use 
systems as is shown, in Table 4.8 . Shortages of irrigation water 
clearly stands out as the most important factor in creating the 
initial awareness.
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Table 4.7 Perception and adoption of re-use systems
Have you adopted a re-use system ?
Do you perceive re-use
systems to be desirable ?
YES NO TOTAL
Shepparton 15 3 18(N = 18) (8 3 ) (17) -
YES Kerang 10 6 16
(N - 1 6) (6 3 ) (3 7 ) -
Sub-total 25 9 34 (77)#(N = 3 4 ) (74) (2 6 )
Shepparton 5 3 6(N = 6 ) (50) (50) -
NO Kerang 4 4(N - 4) (1 0 0)
Sub-total 3 7 10 (2 3 /(N = 10) (3 0 ) (70) -
Regional Totals 28 16 44 *(N = 44)
# Column nercenta^ep; * Nr (64)r! 3  -h a — (3 6 )
Most landholders adopted re-use systems during the late
1960's and early 1970's, a period characterised by intense drought 
in 1 9 6 7 -6 8 and again in 1971-72 and water restrictions imposed by the 
Water Commission. Most systems installed were fairly simple, which 
involved the minimum change to the existing farm structure.
Types of re-use systems are equally divided between landholders.
About one third of landholders pumped from on-farm storages, another 
third pumped from Water Commission surface drains and the rest simply 
drained surplus water onto other pastures.
Table 4.8 Initial awareness of re-use systems
Shepparton 
(N = 1 8)
(% freq)
Kerang 
(N = 10) 
(% freq)
Total 
(N = 28) 
(% freq)
1. Water shortages 33 70 46
2 . Departmental sources 30 113- Lack of surface drainage 11 7
7
7
21
4. Need for better drainage 
5• Cost of water 11 pn
6 . Other 33 1 0 .
Average number of factors 0.9 1-3 1
Landholders and officials differ in their perception of the benefits
and usefulness of re-use systems. Landholders in general view re-use 
systems as a source of water only during periods of water shortage
or where water rights are restricted. In such a situation water from a 
surface drain will be used infrequently during those years when water 
supplies are reduced and ironically when the flow in the drains is at 
a minimum. The perceived advantages of the re—use systems are 
summarised in Table 4.9 . Possible conflict may arise where officials 
perceive re-use sustems to be used on a more continuous basis rather than 
the intermittent use as currently practiced by landholders. The
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behaviour of landholders may be a rational response to the policy of 
the Water Commission regarding supply of water to farms. In the past
Table 4.9 Advantages of re-use systems
Shepparton (N=18) Kerang (N=10) Total (N=28)
(% frequency) (% frequency) (% frequency)
1. Additional water supply 11 60 292. Reduced water demand 17 30 Pi3• Increased production 11 10 114. Less water wasted 11 n
5- Facilitate leaching _ 10 (46. Lower watertable _ 10 47« More flaxibility _ 10 48. Other 22 14
Average number of benefits 0.9 1-3 1
lelatively plentiful supplies of water have been made available, by the 
construction of additional headwater storages. To encourage re-use of 
water, public policy must be altered so as to promote its use. Already 
some organisations have advocated such changes (Kerang Irrigation Region 
Salinity Action Committee; 1978, 24-29).
Many of the reasons given for not adopting re-use systems reflect 
a response to the supply and pricing of water. That is, landholders 
felt that there was no need for a re-use system (implying that existing 
water supplies were adequate) and that systems could not be justified 
on economic grounds (see Table 4.10). However, other reasons cited 
implied that landholders had examined systems in the past (such as the 
layout of the farm and the availability of water). Many farmers were 
convinced that they did not "waste" enough water to justify a re-use
Table 4.10 Reasons for not adopting a re -use system
Shepparton (N=6) 
(% freq)
Kerang '(N=10) 
(% freq)
Total (N=16) 
(% freq)
1. Landform unsuitable
2. No need'for re-use
3. Economics
4. Insufficient water
5- Alternatives available
6. Put in later
7. Lack of labour
33
50
33
33
33
4o
20
30
30
10
38
31
31
12
12
19
6
Average number of reasons 1.8 1.3 1.5
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system.
had installed systems
On the other, hand, many landholders who 
were surprised to learn just
how much water passed from their properties.
Saline water use
The use of moderately saline water has been advocated by official
sources for a number of reasons, for example,
1. use on pastures: experiments have shown that certain pastures can 
tolerate salt levels of up to 1600 ppm without appreciable loss in 
yields,
2. enable the irrigation of land which is salinised to permit at least 
limited extensive grazing,
5. as a means of protecting River Murray quality by using salt water 
flow from surface drains,
4. to aid in reclamation, where salt water is more useful than "pure" 
water,
5* as a means of disposal of water from groundwater bores, and
6. as an additional source of water for farms.
All landholders were aware that "saline" water could be used on
their farms either on pastures and crops or domestically (see Table 4.11).
Table 4.11 Awareness and adoption of saline water.
. _ Have you adopted saline v/ater for
erceive the use of saline use on your farm ?
water as "possible". YES NO Total
Shepparton (N=1?) 6 11 17YES Kerang (N=17) 4 13 17Sub-total (N=34) 10 24 34
Shepparton (N=0)
NO Kerang (N=0) _
Sub-total (N=0) - - -
Region Total 10 24 34
How and for what purpose saline water is used varies between the two 
regions. In Kerang, saline water is pumped from surface drains and 
used on pastures during periods of water shortages. On the other hand 
landholders m  the Shepparton region use saline water (of a much lower 
salt - content than Kerang) on a,continuous basis, especially in dairy 
sheds and,often in houses and gardens. Instead of. surface-drains, 
Shepparton farmers.used - groundwater bores, many pre-dating government 
irrigation schemes, to obtain supplies of saline water.
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Most landholders were however reluctant to use saline water for 
fear of the long term build up of salts in the soils. In fact land­
holders had adopted the use of saline water either in situations where 
they were forced to do so (especially in the Kerang region) or where 
the salt content of the water was very low (especially in Shepparton). 
Government officials differ in their attitude toward the use of 
salt water. On the one hand the Water Commission is promoting the use 
of saline water in order to dispose of large quantities of groundwater, 
whilst officers in the Department of Agriculture have called for more 
research into the long term effects of using salt water on clay 
soils (Cornish; 1976, 29-31)* In view of this uncertainty, and a 
reluctant view by the landholders, it is hardly surprising that the 
rate of adoption has been low.
Salt tolerant plants’ Kerang region
When questioned on what salt tolerant plants are available for 
use on their farms, Kerang landholders mentioned only those plants 
suitable for moderate to highly saline conditions. The most frequently 
mentioned plant was that of tall wheat grass (mentioned by two thirds 
of farmers). In contrast, little mention was made of other crops and 
pastures which are tolerant of slight to moderate salt levels.
From the answers given landholders appear to associate salt 
tolerant plants with those plants suitable for the more severe 
situations such as the Type II and Type III. - As a corollary
landholders do not perceive plants for use in situations where salt 
levels are low such as the Type I case. This attitude'supports the 
hypo thesis put forward in the previous chapter, which suggested that 
landholders perceive salinity problems in terms of a dichotomy. There 
is, however a need for further information on the plant species used 
by landholders to test whether landholders have adapted to the 
saline conditions by a learning process.
Watertable control
Researchers have generally agreed that some form of control of 
watertable depths is a necessary part of the solution to salinity 
problems (Trewhella and Webster; 1978, 173), and that without control 
farming will become marginal in affected areas (op. cit.; 186) . 
Furthermore reclamation programs have proved to be ineffective unless 
associated with a lowering of watertable levels (Abd-El-Kaddous; 1978, 
197). However, no consensus has emerged as to the meaning of 
’’effective" watertable control amoungst research workers.
Landholders differed in their opinions as to the necessity for, 
or the urgency of, watertable control. Whilst most landholders felt 
that they could control watertable depths (see Table 4.12), not all 
felt that such behaviour was necessary. It is suggested that attitudes 
to the necessity l. _ of lowering
Table 4.12 Awareness of watertable control
Could you lower watertable levels on 
your farm ?
YES NO Total
Shepparton (N=22) 19 • 3 22
Kerang (N=23) 21 2 21
Region total (N=43)* 40 9 45
(89) (11)
*No data = 7
watertable levels are a function of first, the perceived relationship 
between high watertables and salinisation second, the technical
feasibility of lowering levels (especially the problems of disposal 
of the saline effluent) and third, finance available.
From Table 4.13 there appears to be an almost perfectly 
symmetrical relationship between the perceived causes of salinity (that 
is, rising watertable levels) and the perceived solution (that is, 
lowering watertable levels). These findings suggest that landholders
Table 4.13 Attitudes to watertable control and salinisation: Kerang
Are watertables related to salinisation ?
Necessity of lowering 
watertables to solve 
salting problems
YES NO Total
YES 16 1 17
(77)NO 1 4 5' (23)Total 17 5 22(77) (23)
see both the causes and the solutions to their problems in a fairly 
simplistic fashion. Available research does however, suggest that
reclamation programs may take up to 8 years to complete and-requires 
more than the lowering of watertable levels (Abd-El-Kaddous; 1978, 201).
Landholders in the Kerang region were very aware of the methods 
to control watertable depths when compared to the landholders of the 
Shepparton region (see Table 4.14). However, few landholders adopted 
methods of watertable control mentioned in Table 4.14 . Landholders 
have almost unanimously rejected tubewells (or groundwater pumping), 
the most frequently mentioned, as a means of watertable control (see
Tabic 4.14). This rate of rejection raises the questions as to first, 
whether other methods of watertable control are adopted and second, 
how landholders have adapted to high watertable conditions where 
control has not taken place. The reasons given for the rejection of
Table 4.14 Awareness and adoption of methods to control watertable 
levels
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Kerang 
(N = 22)
Awareness Adoption
Shepparton 
(N = 22) 
Awareness
Total 
Awareness 
(N = 44)
1. Groundwater
pumping
2. Improved irrig­
ation layout
5- Surface drains
4. Tile drains
5- Lower channel 
levels
6. Plant trees
7. Catchment
pumping
8. Restrict water
use
Average number of 
responses
19(86)
8
(36)6
(27)
5(22)
2
(9)
2
(9)
2
(9)
2
(1 1 )
7(88)
NA
19
2
(9)
1
(5)
1
(50)
NA
1
(5)
38
(86)
8
( 1 8 )
8
( 1 8 )
6
(14)
2
(5)
2
(5)
2
(5)
1
(3)
1.5
groundwater pumping is shown in Table 4.13. Tubewells were rejected 
by landholders for two main reasons, first the cost of installation and 
maintenance and second, the problems of disposing of the saline 
effluent. Similar reasons have been put forward by landholders for
Table 4.15 Bensons for not using groundwater pumps: Kerang
Stated reason F requency
1. Problems of salt disposal 8
2. Cost of operating pumps 8
f. Satisfied, wirn surface drains 2+. Pump all neighbours water 25. No suitable aquifers 26. Sufficient water right 1
rejecting tile drains. Research has- suggested that the methods 
advocated and actually .adopted (that is, improved land layout and 
access.to.-surface.drains) give.little long term- control over watertable 
These methods reduce watertable levels by only a few centimetres and 
give no protection during critical „et periods. The following section 
considers in more detail how landholders have responded to the 
situation in which watertable levels have remained largely uncontrolled.
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Watertable control: Shepparton region
Part of the strategy of the Water Commission in the Shepparton 
region has been install large numbers of groundwater pumps in that 
area to first, control watertables where they have become serious and 
second, to forestall their rise in as yet unaffected areas. Shepparton 
landholders were questioned as to whether they believed salinity 
problems could be prevented from worsening (Question 53). In addition 
a number of Kerang landholders raised this topic and their views have 
been included for comparison with those of the Shepparton landholders 
(see Table 4.16).
Table 4.16 Prevention of future watertable/salinity problems
Prevention
YES NO Unsure Total
Shepparton 15 3 2 20(N = 20) (75) (15) (10) -
Kerang 12 3 15(N = 15) (8o) (20)
Region total 27 6 2 35
(77) (17) (6)
More than three quarters of landholders believed that the 
watertable and salinity problems can be prevented, or could have been 
prevented. The number of Kerang landholders who believe that these 
problems could have been prevented is quite significant and suggests 
that their experience of these problems has not influenced attitudes. 
Methods advocated to prevent problems are shown in Table 4.17 .
Table 4.17___________ Methods of prevention
Shepparton (N=15) 
(.% freq)
Kerang (N=12) 
(% freq)
Total (N=27) 
(% freq)
1. Surface drains 40 67 522. Good irrigation methoc s 40 25 333- Reduce irrigat'n intensity 20 114. Clay soils will prevent 20 _ 115• Excise potentially 
affected areas 13 - 7
6. Groundwater pumps 6 1 4
Prevention of problems was not only seen as a function of action being 
taken (such as the installation of drains or better layout) since many 
landholders in Shepparton believed their farms to be "safe" from 
salinisation because of their low intensity irrigation, the presence 
of clay soils or the fact that they did not have deep rooted crops.
Many of the methods advocated by landholders do not actually 
prevent the rise in watertable levels but only delay the rate at which 
watertable levels rise. Landholders who were aware of this delay,
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pointed out that the safe period may increase as a result of such action 
being taken, further, research in the clay soil areas indicates that 
over long periods of time salinity levels have increased, contrary to 
the opinions of the landholders in such areas (see Mehanni; 1978, 135).
Very few landholders in the Shepparton region had actually 
adopted measures to prevent or control the rate of rise in watertable 
levels. The low rate of adoption may be influenced by a. number of 
factors including the lack of an immediate threat from high watertables, 
the general economic position and most importantly the lack of real 
alternatives to actually lower groundwater levels. Surface drains are 
the responsibility of the Water Commission and not the landholders, and 
it is interesting to note that the only real option open to farmers 
(that is, relayout) is being adopted for reasons other-than watertable 
control (see Table 4.5). For this reason departmental extension offices 
have suggested that the agronomic benefits of layout should be stressed 
in the Shepparton area rather than the groundwater and salinity 
benefits (Cornish; 1976, 33).
The lack of any perceived threat from groundwater and salinity 
is significant in the context of the problems faced by the Shepparton 
region during the period 1974-75- One landholder has suggested that in 
fact the experience of those years has led farmers to become sceptical 
of the predicted increase in the problem.
"...over the years (the experts) have got to be careful with 
what they say, that such and such is going to happen. It had 
better happen, even though you don't want it to happen,
(because the experts) will lose support.(The farmers)have to • 
see more evidence for themselves. I think that they really 
wanted to see something like Kerang before they would believe 
\the experts).
The various organisations set up (after the 1974 floods) 
are now finding it very hard to get farmer support. I think 
that it|s just ^ a lack of evidence of these predictions"1 
coming into being that is causing this (lack of support)".
The role of surface drains
Landholders have stressed the importance of surface drains 
both as a farctor .in creating watertahle ’problems and as a means to 
control such problems. Official attitudes toward the role of surface drains
1. During 1974 newspapers in the Shepparton region made a number of 
statements reflecting the concern then felt in government agencies 
" fth' °f^ lse ij groundwater levels and the increase in areas
affected by salting. This concern can be illustrated by newspaper 
headlines taken from the "Goulburn Valley News" (Shepparton):
"Salty soil may make wasteland" (5/4/74); "Salt, water may spell 
disaster" (14/6/74); and "Salt, time runs out" (1/7/74).
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are outlined above (page 50). In general landholders perceived the 
role of surface drains in terms of the problems they faced in their 
districts (see Table 4.18). Thus Shepparton landholders saw surface 
drains as a means to prevent problems,, whilst those in Kerang believed 
that surface drains would solve the problems of salinisation.
Table 4.18 The role of surface drains
A. Landholders with surface 
drains
1 . Reclaim salted areas 
2. Lower watertable level 
3- Prevent problems occurring 
4. Minimise problems
Shepparton 
(freq)
3
2
2
1
Kerang 
(freq)
5
3
Total 
(freq)
8
5
2
1
B. Landholders without access
to surface drains
1 . Reclaim salted areas 1 5 • 62. Factor raising w'table levels 5 63- Minimise rise with drains 1 1 24. Prevent rise in levels 3 '1 45- Worst areas without drains 1 -]
6. Improves production - 1 1
Landholder Behaviour
lurning from the awareness of particular control measures, this 
sections looks more broadly at the management of farms in the two 
regions with emphasis given to how landholders have adapted farm 
management strategies where salinity is present.
Sources of farm income
Most landholders principal source of income, was
their farming operation. However, one third of landholders indicated 
that at least one member of their immediate family had off-farm work. 
The highest rate of off-farm work was found in the Shepparton area,
23 per cent, compared with only 10 per cent in Kerang. It is evident 
that the participation rate is a function more of the availability 
of work rather than the need for such work.
On the farm itself the two regions differ with respect to the 
diversity of income sources on the individual farms (see Table 4.19). 
Landholders in the dairy industry in the Kerang area are more 
diversified than those in the Shepparton area (where almost all farmers 
did not have other on-farm enterprises). Instead the approach of 
Shepparton landholders appears to be one of seeking off-farm work 
when necessary, rather than to invest further capital in piggeries, 
beef stock and cropping as Kerang landholders have done.
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Table 4.19 Diversity of farm production
Shepparton Kerang
Number Average Number Average
A. Dairying income income
1 . Dairying only 16 1 5 , 1 6 0 4 1 9 , 8 7 5
2. Dairying with 
sidelines 2 1 5 , 5 0 0 8 1 5 , 6 9 0
B. Non-dairying
1. Mixed cropping 
and grazing 5 1 7 , 2 0 0* 9 17,555
2. Grazing only 1 ND 5 6 , 8 7 5
*ND = No data.
Areas, Incomes and Production
Some data on the production levels and incomes of farms surveyed 
is summarised in Table 4.20.
Table 4.20 Production levels
A. Dairy farms 
Statistic Area (No) Range Mean Median Standarddeviation
1. Area (ha.) Sh (N=17) 2 6 - 2 5 3 118 150 69
Kg (N=12) 86-576 224 204 154
2 . Income per Sh (N=16) 4 - 5 6 3 129 159 505
hectare(77/8) Kg (N=10) 6-456 150 102 515
5 . Herd size Sh (N=16) 6 5-5OO 155 104 72
Kg (N=11) 8 0 - 2 2 0 140 120 185
4. Cows per Sh (N=16) 0 .6 - 5 1.4 1 .1 0.7
hectare Kg (N=11) 0.4-2. 2 0.9 0 . 6 0 . 6
B. Non-dairy farr 
1. Area (ha.)
ns-
Sh (N=5) 5 8 - 1 1 5 4 445 365 514
Kg (N=15) 1 2 1 - 6 7 2 396 458 188
2 . Income per Sh (N=4) 1 5 - 6 2 42 46 20
hectare(77/8 ) Kg (N=11) 2 - 1 5 5 52 27 45
Considering first the dairy industry; landholders in the Kerang 
area require much larger properties than landholders in the Shepparton 
region to maintain the same average herd sizes. The carrying
capacity of farms in the Kerang region (cows per hectare) is much 
lower than for the Shepparton area. Yet despite this lower productivity 
the mean level of income per hectare is much the same for both regions, 
when it could be expected that levels in Shepparton would be much 
higher. It is suggested however, that the median income levels may
6o.
be more reflective of the real position, that is the real income per 
hectare being higher in the Shepparton than Kerang regions which 
would be consistent with the statistics for farm and herd sizes. 
Nonetheless it is interesting to note -that the income levels do not 
vary as much as the herd and farm sizes, suggesting that Kerang land­
holders have maintained income levels (per hectare) by diversifying 
their farming production.
The average figures give quite a misleading picture of the 
production levels of the two regions, as they ignore the differences in 
the range and the distribution.. For instance, compare the distribution 
of farm sizes for the dairy industry shown below: (hectares)
Shepparton : 26, 39, 4 0 , 4 0 ,
1 7 4, 2 1 9 , 2 2 7 ,
4 1 ,
2 5 5 -
5 0 , 7 2 , 1 5 0, 1 5 0 , 1 5 5 , 1 5 8 , 1 5 0 , 158,
Kerang:
215, 228, 2 4 6 , 2 7 5 , 576 .
86, 101, 105, 110, 182, 194,
Similarly for herd sizes:
Shepparton : 6 5 , 7 0 , 7 5 , 8 0 ,
200, 200, 500,
8 5 ,
500.
9 0 , 9 5 , 100, 108, 120, 120, 150, 185,
Kerang:
160, 170, 200, 220.
80, 100, 107, 112, 120, 120, 150,
Both the range and distribution of farm and herd sizes suggests that 
the smaller properties can survive more readily in the Shepparton 
rather than Kerang environment. Small, in this instance, is defined 
as being less than "100 hectares and less than 100 head of cattle.
The differences in the productivity of farms in both areas are 
not due entirely to salinisation in the Kerang region. In general 
farming in the Kerang region is more difficult than Shepparton due to 
the climate and soil types. Past government policies have recognised 
these difficulties and closer settlement policies have been moulded 
accordingly. There is however, a need for further information on the 
extent to which the differences found in the farms surveyed are due 
to the effects of salinity.
Salinity and individual landholder behaviour
Landholders differed in their response to the problems caused 
by salting and high watertables (see Tables 4 .2 1 and 4 .2 2 ). Factors 
influencing behaviour include land use, size of farms, the availability 
of water, access to surface drains, the type of problem and finally 
the resources (time and capital) available. The highest rate of 
reclamation has been achieved on those farms with plentiful supplies 
of water (see Table 4 .2 2 ). Typically these are the dairy farms with
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access to surface drains which facilitate the leaching of salts from 
the soil. Dairy farmers typically reclaim land by relayout to improve 
run-off, followed by heavy applications of water to wash salts from the 
soil surface. These salts then find their way into the
surface drainage system, or are leached down through the soil
profile. Occassionally gypsum and deep cultivations were
used to improve the soil structure and increase leaching of
the root zone. Seventy per cent of dairy farmers in Kerang were 
satisfied that by these methods they had completely reclaimed their 
salt affected lands.
Without access to either surface drains of large quantities of 
water, the non-dairy farmers adapted their farming operations to the 
saline conditions. Examples of such adaptions include;
1. a reduction in stocking rates (to reduce grazing pressures),
2. changing from sheep to beef cattle (to reduce grazing pressures),
3 - cessation of winter cropping, and
4. the adoption of minimum tillage cultivation for cropping.
Unlike the dairy farmers the cropping and grazing properties do not 
have access to large quantities of water necessary to leach the soils 
of salts. Without such large quantities available research suggests 
that reclamation programs may take considerable periods of time to 
complete (Gutteridge, Haskins and Davey (G,H 8c D); 1970,-165) • It was 
found during the survey that even on those dairy farms with inadequate 
water supplies, large tracts of land remained salinised. In summary 
salted lands are "sacrificed" where:
1. salinised areas are very large, there is a tendency to abandon the 
worst affected areas,
2. salinised areas cannot be irrigated (and thus leached),
3- there is no access to surface drains (to facilitate drainage of lands), 
4. there are inadequate supplies of water available, and 
5- the attitudes of the landholder.
An important factor in influencing landholder behaviour is the 
attitudes of the farmer toward reclamation. The farmers attitude or 
assessment of the need for any reclamation was influenced by such 
factors as:
1. economic returns; the costs of reclamation is high in relation to the 
low marginal returns. As such it was often better to concentrate 
upon the other lands especially when water supplies were restricted. 
Further, many landholders commented that there was already a-lar^e 
amount of over-production, especially in the dairy industry, which
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acted as a disincentive to further development of more lands and 
productive potential.
2. the time taken for reclamation,
3 * the availability of labour on the farm,
4 . attitudes toward the future of farming,
5 - the likelihood of the farm being inherited by the farmer's children, 
6. the age of the operator.
Summary and Discussion
There appears to be little difficulty in making farmers aware 
of the control measures advocated by the government departments and 
agencies (see Table 4 .2 3 ). In all topics raised during the interviews 
(namely relayout, re-use systems, salt tolerant plants, use of saline 
water and groundwater control), all landholders showed a high degree of 
awareness of the topics mentioned. However, differences in the perception 
of the role of and benefits of many of these measures, between the 
landholders and the government officials accounts for the rate of 
adoption being lower than the rate of awareness. In some cases, the
Table 4 .2 3 Summary of landholder's awareness and adoption of some 
__ _ _____ ____measures advocated by government departments
District Relayout Re-use Saline
water
Saline
plants
Watertable
control
Aware Adopt 
ness
Aware Adopt 
ness
Aware Adopt 
ness
Aware Adopt 
ness
Aware Adopt 
ness
Shepp)n n
(N=2 1)
18 11 
( 6 0
(N=2 4)
18 18
(100)
(N=17 )
17 6
(3 5 )
(N=0)
0
(N=22)
19 1
(5 )
Kerang n
(N=2 2)
22 19 
(86)
(N=20)
16 10 
(63)
(N=1 7)
17 4
(2 4)
(N=1 7)
17 10
(5 9 )
(N=2 5)
23 10
(4 3)
Region n 
Total
4o 30 
(7 5)
39 28
(82)
3 4 10
(2 9)
17 10
(5 9)
42 11
(26)
differences m  perception need not be a problem. In situations where 
measures have benefits over and above that of salinity control, the 
rates of adoption havebeen high. In other situations present government 
policies have discouraged the adoption of other measures (in particular 
re-use systems and the use of saline water), which government officials 
consider an important part of the solution of the problems caused 
by saline water in the Murray River.
Without effective groundwater control the range of measures to 
ameliorate the effects of salting is limited. Where watertable control 
has not been achieved landholders have relied upon surface drains and 
the use of large quantities of water to leach salts from the soils.
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In those situations where landholders do not have access to surface 
drains and to large quantities of water, large tracts of land have 
been abandoned to the salt. Overall the pattern of behaviour appears 
to be influenced by first, the initial awareness of salinity problems 
and second, the perception of the effects of salting on the farm.
In most cases action was taken only after it became apparent to the 
landholder that there were serious problems (of a Type II or III nature) 
on the farm. There does not appear to be any indication that 
management has been altered before the more serious
problems have arisen.
The behaviour of landholders reflects first and foremost, the 
individuals assessment of the likely costs and benefits of reclaiming 
salted lands, or preventing salinisation. The decision of the 
landholders appears to be influenced by four main factors; viz
1. institutional; these are especially important in an area largely 
controlled by government policies. Of critical importance are 
policies toward the provision of surface drains, water supplies and 
groundwater control.
2. economic; the marginal returns and high costs of reclaiming salt 
• affected lands,
3* physical, the difficulties of actually reclaiming a particular 
tract of land, and 
4. personal attitudes.
Arising from the individual assessment of the likely costs and 
benefits of reclamation, and preventive action, considerable public 
costs have arisen. These include the salinisation of large tracts 
of land in Northern Victoria and the gradual salting up of the Murray 
River system. In many situations government policies have encouraged 
the increase in the salt load of the river (such as the lack of 
adequate means to dispose of the saline effluent from the region).
At the same time the increasing salinisation of land in the study 
area is weakening the economic position of the landholders. As yet 
government policies do not appear to have tackled the often difficult 
problems caused by farming in a saline environment.
Chapter Five Irrigation and the Saline Environment
Irrigation, groundwater and the irrigator
Since the beginning of this century, government policies have 
encouraged and facilitated the expansion of irrigation and closer 
settlement schemes in northern Victoria. In the past irrigation has 
been viewed as the means to intensively settle large areas of inland 
Australia and as the solution to the problems of water shortages in 
arid and semi-arid regions. As a result of these policies large 
numbers of farms have been established in the Murray Valley, along with 
the necessary service centres and supporting industries. Attitudes 
toward irrigation schemes are now changing due in part to the 
economic (Davidson; 1969) and environmental (Jackson; 1977) costs of 
large scale irrigation schemes.
When questioned as to the advantages of their area for farming 
landholders most frequently mentioned "irrigation" as the main 
advantage. The advantages of irrigation were generally seen in terms 
of the farm itself (such as higher and more stable production) and 
the regional benefits of intensive settlement (such as access to 
towns and factories). Against these benefits landholders were very 
aware of the changes to the environment resulting from irrigation 
schemes. Rising watertable levels and salinisation were largely 
attributed to the presence of irrigation schemes in northern Victoria.
In trying to reconcile the benefits and costs of irrigation 
schemes, farmers stated that the advantages brought by irrigation out­
weighed the disadvantages. In particular it was believed that the 
productivity of the area under irrigation, even with salinity problems, 
exceeded the potential of the area under dryland (or non-irrigated) 
farming. It is interesting to note therefore that there are only small 
differences between the regions surveyed in terms of the income 
derived from farming.
In explaining the causes of the rise in watertable levels and 
salinisation, landholders differed in their assessment of the role of 
irrigation. Amongst landholders there is a tendency to compartmentalise 
the irrigation system into a number of component parts. Each of these 
component parts then is said to be the causal agent. On average few of 
these component parts are cited by landholders as being factors causing 
the rise in watertable levels. Examples of these parts include the
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surface drainage system, the channel systems and the correctness of 
techniques used by irrigators themselves. In this way, it is suggested, 
landholders see the causes of watertable changes not primarily in 
terms of irrigation per se , but rather some particular aspect of 
the irrigation system. As such, irrigation as a form of land use and 
as a means of using scarce water resources is exonerated from causing 
these problems. The position of the landholders is similar to that 
held in some government departments, who also have a similar approach 
in analysing the causes of groundwater and salinity problems.
Salinity: perception and behaviour
The behaviour of landholders relates to a number of factors 
which include the perception of the problem itself, the explanation 
given for the presence of the problem and the perception of the range 
of alternatives open to landholders. The survey suggests that land­
holders underestimate the extent of salt affected land on their farm.
As such behaviour is a function of the area perceived by the landholders 
to be affected; a situation which ignores large areas of land which 
have only a reduced productive capacity.
One reason for this underestimation is the lack of knowledge 
amongst landholders generally of the mechanisms controlling the 
movement of salts through the soil profile in the presence of a high 
watertable; a process known as capillary rise. Related to this is 
a lack of knowledge of the importance of watertable depth as a 
controlling factor in salinisation. Arising from this lack of know­
ledge the importance of effective watertable control in the region 
was underestimated by landholders.
Behaviour by landholders to ameliorate the effects of salinity 
came after an initial awareness of salting actually affecting the farm. 
In no cases was action taken to forestall or prevent more severe 
salting problems occurring. This type of approach tends to confirm 
earlier conclusions that salinity problems are perceived by landholders 
as a dichotomy; that is, either land is affected or is not affected.
These conclusions are of particular importance to farmers in the 
Shepparton region where the problems of salinity are now only becoming 
apparent. In the past landholders have reacted to the problems of 
salting only after they have become serious. There is therefore a need 
for the education of farmers as to possible strategies to be adopted 
so as to forestall or prevent more serious problems. However, some
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Shepparton landholders have a fatalistic attitude toward the alteration 
of existing land uses. To these farmers the "stable door would be 
shut only after the horse had bolted".
Landholders have been limited in the extent to which they 
can reclaim salted .land on their farms'in the Kerang region. Without 
effective watertable control (due largely to technical and economic 
reasons) landholders have either adapted their farm management to 
prevent further losses, or tried to reclaim as much land as is possible 
by using leaching and surface drains to remove surface salts. In the 
former strategy, landholders are often forced into a position of 
abandoning large tracts of land -and concentrating their farming 
operation onto the remaining non-affected areas.
The attitudes toward the reclamation of land is very much a 
function of the landholder's own position. Whether an area of land is 
reclaimed is therefore the result of the landholders assessment of the 
likely costs and benefits of undertaking an often long and costly 
program to restore land. The regional consequences of the assessments 
being left in the hands of the individual have been unsatisfactory.
The behaviour of the landholders has resulted in first, an increase 
in the areas salt affected (the sacrificial areas) and second the 
increase in the salt load of the Murray River.
Salinity and adjustment to the environment
Broadly speaking landholders in the irrigated areas have 
three courses of action to solve the problems caused by watertables 
and salting. These solutions are first, adapt to the salt hazard by 
reclamation or preventive measures, second modify the hazard by means 
of effective watertable control (followed by reclamation) and third, 
effect the cause of the hazard. Given the nature of irrigation schemes 
and the nature of the salinity hazard the individual cannot effect the 
cause of the hazard (that is, cease irrigating). Farmers have in 
general adapted their farming operation to the saline conditions.
The approach adopted by the landholders would appear to suggest 
that they have responded to salinity problems not by modifying the 
cuuse of the hazard, or by modifying the hazard itself, but rather 
ameliorating the effects of salinity upon the farm. In terms of an 
overall adjustment to the environment of northern Victoria, the 
approach being adopted by landholders does not suggest that any long 
term reduction in the salinity problem will occur.
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The approach of farmers in the region has been to reclaim those 
lands where it is economically and physically possible to do so. In 
the long term there is likely to be a gradual reduction in visibly 
salted areas, but an increase in the area permanently salt affected 
and not subject to reclamation without effective watertable control. 
Areas permanently salt affected in the future will be thpse lands 
not irrigated and low lying. . In terms of the farmers own
position his behaviour is very rational. This rational response does 
however effectively ignore the wider environmental and regional 
effects of the landholder's actions. At present landholders have no 
incentive to consider the wider implications of their behaviour.
Given the increasing impact upon downstream users resulting from 
irrigation on the Riverine Plain and unsatisfactory methods to dispose 
of salt water, there is a need for collective action to ensure that 
the regional implications are considered.
With few exceptions most landholders were confident that the 
problems of high watertables and salinity could ultimately be 
"solved". This attitude was largely based on the view that enough 
knowledge and ''echnology had been acquired to correct the mistakes 
of the past. The generally confident approach of the landholders does 
however differ from the more pessimistic attitude expressed by some 
state agencies working in the area. Recently this pessimistic stance 
was summarised in the following way,
...from what I have read of the present writings on the 
Loddon Valley, it is virtually written off and there is 
nothing much that can be done; I tend to go along with 
(this view).
(Macumber; 1976)
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Appendix _1
Questionnaire Used in Survey of Landholders
Survey into attitudes of irrigation farmers in Northern Victoria 
with reference to the waterlogging and salinity problem.
Section 1
I would like to begin by asking a few questions about you and your farm.
1. Are you the o w n e r . . . . . . . . . .
part o w n e r . . . . . .
1e s s e e . . . . . . . . .
sharefarmer. . . . .
m a n a g e r . . . . . . . .  of this farm?
1. How long have you been t h e . . . . . . . . . on this farm? . . . . . . years
3. Before........ ....on this farm what previous work experience didyou have (including non-rural), in what area, and for how many years?
4. What is the exact nature of your farming operation?
(Specifically what are the major sources of income on your farm?
5. Has this always been so, that is have you changed your farming operation in the past 10 years?
Y e s ...  N o . . . . .  In what way?
6. Could you use your land in other ways?
7. What do you find is the most satisfying aspect of your farming operation?
8. How many acres do you Block 1 Block 2
own
1 ease
share farm
agi st
9- Please indicate the types of crops and pastures irrigated on your farm ? 
10. Could you give me your current stock numbers ?
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11.. What kind of surface drainage system do you have (that is, 
how do you dispose of surplus irrigation water and rainfall 
run-off) ?
12.. Do you have a water re-use system on your farm? Yes_ _ _ _ _ _  Ho __
13 . If yes, when did you first become aware of the need for a
re-use system?
How did you become aware of the need?
Where did you seek information?
When did you adopt the scheme? Has it been enlarged since?
What advantages does it bring?
Are you satisfied with the results?
14 . If no, do you think such a system would be beneficial on your farm?
Yes _ _ _ _ _ _  No _ _ _ _ _ _ _ _
If yes, when did you become aware of the need?
how did you become aware of the need? 
what advantages do you think it will bring?
are there specific reasons for not adopting it?
If no, are there any specific reasons why?
15. Do you have a program to renovate your irrigation layout,
16. If yes, when did you become aware of the need for reform?
How did you become aware of the need?
Where did you seek information?
When did you begin the program? How often?
What advantage does it bring?
Are you satisfied with the results?
17. If no, do you think reform/renovation would be beneficial on your farm?
Yes_ _ _ _ _ _ _ _ _ _ _ No _ _ _ _ _ _ _ _ _ _  If yes, how did you become aware
of the need?
What advantages do you think it will bring?
Are there specific reasons for not adopting it?
If no, is there any specific reasons why?
7 2 .
Perception of the waterlogging and salinity problem.
18. What do you think are the main advantages and disadvantages of this 
area for farming ?
Probe reasons for response given.
19. On your farm do you have either high watertables (that is ,  close to the
soil surface) or areas where salt  is present ? Yes* ____ No _______
Can you specify the depth of the watertable, at what time was this ?
Where would you go to find information on the depth of watertables ?
If Yes, Go to Question 20.
If No, Go to Question 22.
20. Probe for further information on watertables on respondants farm. Begin 
by asking:
"Just for one moment imagine that I am a friend from the city visiting 
your farm for the f i r s t  time, how would you describe the effects that high 
watertables and salt  has on your farm ?"
Allow time for response, probe for information on:
Physical appearance - are there particular areas affected - in what way ? 
How and when did the farmer f i r s t  become aware of their existence ?
Have you noticed any changes in the nature of the phenomenon ?
Some measure of the effects on the farm - production - loss of earnings ?
21. Why do you think you have these problems on your farm ?
22. Do any of your neighbours have these problems ?
How would you compare their problems (watertables and salting) with 
those on your own farm ?
23. Within your d is t r ic t  do you have either high watertables (that is ,  close
to the soil surface) or areas where salt  is present ? Yes ____  No _____
Can you specify the depth of the water .able - at what time was this ?
Where would you go to find information on the depth of the watertable ?
If no, Go to Question 24.
24. In the past few years has the level of the watertable ever been close to
the soil surface ? Yes No Don't know
25. Within your d is t r ic t  what do you think are the main factors causing the 
high watertables and salting ?
26. Do you feel that there is someone, a group or an organisation, who is
responsible for causing these problems ? Yes _____ No
I f  Yes, whom ? In what way ?
27. On a map of your region could you indicate the areas which you think are 
the most seriously affected by high watertables and salting ?
Can you account for the severity of the problem in those areas ?
I f  so, what factors are important ?
28. What effects do you think high watertables and salting are having on this region 
Do the effects extend beyond this region ? In what way ?
29. What is your opinion of the future trend of watertables and salting 
in your region ?
30. I would now like to turn your attention to other d istr ic ts  in the Murray 
Valley. Ask the respondant to mark on the map all  those ir r igat ion  distr ic ts  
which have high watertables and/or sa lt  problems.
31. Comparing these other d istr ic ts  to your own, do you think the causes of 
the high watertables/salting are:
Basically the same or Very di f ferent  (Go to Question 32)
32. Can you be a l i t t l e  more specific as to the causes of the problem in
the other d istr ic ts  ? Yes No
I f  Yes, could you state the other factors ?
t-.
Perception and adoption of ap p l icab le  measures.
33. Is the re  anything t h a t  can be done about the high w a te r tab le s  and s a l t i n g
in your area  ? Yes ______ No _________ Don't know ___________
34. I f  a meeting of  i r r i g a t o r s  were held and you were asked to give 
sugges tions  fo r  so lv ing  the problem, what would you say ?
35. In r e l a t i o n  to your own farm, have you cons idered ac t ion  to  do something
about high w a te r tab le s  and s a l t i n g  ? Yes ______ No _________
I f  Yes, Go to Question 36.
I f  No, Go to  Question 37. •
36. Which methods have you considered ? L i s t .
What was the reason fo r  your i n t e r e s t  in these  methods ?
How did you become aware of  them - sources of informat ion used ? 
Which of the  methods did you adopt ?
Why did you adopt _______ ?
Are you s a t i s f i e d  with the  r e s u l t s  ?
What advantages does i t  bring ?
Of the options  t h a t  you did not adopt:  is  the re  any s p e c i f i c  reason why ?
37. I f  not considered any ac t ions  to deal with high w a te r t ab le s  then ,
Is the re  any spec ia l  reason why ?
Have you considered a l t e r n a t i v e  forms of ac t ion  - a p a r t  from 
changes to the  fanning opera t ion  i t s e l f  ?
I f  so ,  what ac t ion  has been taken ?
Why has t h i s  course of ac t ion  been taken ?
THE FOLLOWING QUESTIONS WILL ONLY BE RAISED IF THE ISSUES HAVE NOT BEEN 
RAISED IN THE COURSE OF QUESTIONS 35 - 37.
38. Could you lower w a te r tab le s  on your farm ? Yes _____ No ______
I f  Yes, Go to  Question 39. 
I f  No, Go to Question 43.
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39. In what way ?
40. Do you have e i the r  groundwater pumps or tubewells operating on your
farm, or in conjunction with neighbouring farmers ? Yes _____No ______
I f  Yes, Go to Question 41.
I f  No, Go to Question 42.
41. When did you become aware of the need fo r  __________?
How did you become aware o f  the need ?
When did you adopt the scheme ? Has i t  been enlarged since ?
What advantages does i t  bring ?
Are s a t is f ie d  with the resul ts  ?
How do you dispose of the e f f luen t  from the system ?
42. Is there any special reason /s why tu b e w e l ls / t i le  drains cannot be operated 
in th is  area ? On th is  farm ?
43. Is there any reason why watertable levels cannot be lowered on your farm ?
44. Do you th ink i t  is possible to use water of lower qua l i ty  ( tha t  i s ,  
high in s a l t  content) to i r r ig a te  pastures and/or crops on your farm ?
Yes ________ Nq _______don't  know ________
I f  Yes, Go to Question 45.
I f  No, Go to Question 46.
45. Have you t r ie d  using water of lower qua l i ty  ? Yes _____ No ______
I f  Yes, when did you t r y  i t  ?
where did you seek information on using th is  water ?
what proceedures did you use - s a l t  leve ls ,  crops and pastures used ?
what advantages does i t  br ing ?
have you been s a t is f ie d  with the resul ts ?
I f  No, do you think using such water would be of  benef i t  to your farm ?
Yes __________No ______________
I f  yes, how did you become aware of  the need ?
what advantages do you think i t  w i l l  bring ? 
are there any reasons fo r  not using th is  water ?
I f  no, is there any spec i f ic  reason why not /
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46. The Kerang Agr icu l tu ra l  Research Farm/Swan H i l l  I r r ig a t io n  Research Farm 
have had some success at using sa l t  water on various crops and pastures 
in recent years.
Do you know of th e i r  work ?
Do you think the resul ts  of th e i r  work could be applied on your farm ?
Yes ________N o__________ Don't know ___________
I f  No, Don't know, is there any reason why not ?
47. Do you th ink i t  is possible to plant crops and/or pastures which have a 
tolerance to the sa l ty  conditions of th is  area ? Yes ______No Don't
know
I f  Yes, Go to Question 48.
I f  No, Go to Question 49.
48. Have you t r ie d  using these type of crops and pastures ? Yes ____ No -_____
I f  Yes, when did you t ry  i t  ?
where did you go to get information on using these plants ?
what crops /  pastures did you use ?
what advantages does i t  br ing ?
have you been sa t is f ie d  by the results ?
I f  No, do you think such crops/pastures would be of  benef i t  to your farm ? 
Yes __________ No ___________
I f  Yes, how did you become aware of the nee ?
what advantages do you think i t  w i l l  br ing ?
are there any reasons fo r  not using these crops and/pastures ?
I f  No, is there any spec i f ic  reason why not.
49. The Kerang Agr icu ltura l  Research Farm and the Swan H i l l  I r r ig a t io n  Resear 
Farm have had some success at using sa l t  to le ran t  crops and pastures in 
recent years .
Do you know of  th is  work ?
Do you th ink the results of th e i r  work could be appl ied on your farm ?
Yes _________No __________Don't know
I f  No, Don't know, is there any reason why ?
Reclamation programs - question only for Kerang region.
50. Do you think i t  is possible to reclaim sal ted land (that
i s ,  bring i t  back into fu l l / pa r t i a l  production)? Yes_______
No_________Don't know _______________
51. If  yes,  have you t r ied  to reclaim sal ted land? Yes________No
If  yes,  when did you try i t?
where did you seek information on how to go about i t?  
what procedures did you use? 
what advantages does i t  bring? 
have you been sa t i s f i ed  with the resul ts?
If  no, ,  do you think reclamation would be beneficial  for your farm?
Yes_____________ No__________ _
If  yes,  how did you become aware of the need? 
what advantages do you think i t  will bring? 
are there speci f ic  reasons for not using this  method?
If  no, is there any special reason why not?
52. If  no, the Kerang Agricultural  Research Farm/Swan Hill 
I r r iga t ion  Research Farm has had some success at  reclaiming 
s a l t  affected land in recent years.
Do you know of t he i r  work?
Do you think the r esu l ts  of t he i r  work could be applied on
your own farm? Yes____________No ______ _ Don't know ________
If no, is there any special reason why not?
THESE QUESTIONS ONLY FOR THE SHEPPARTON REGION.
53. Do you think that  high watertables and sal t ing can be prevented from
occurring in your region ? Yes ________ No ___________
If  y e s , in what way ?
54. Do you think enough at tent ion is been given to the prevention of high
watertables - by the government - by the farmers ? Yes _____ No ________
If  no, what more could be done ?
55. Do you think i t  is possible to reclaim land that  has been affected e i ther  
by high watertables or sa l t ing ( that  i s ,  bring i t  back into fu l l / pa r t i a l  
production) ?
FOLLOWING QUESTION FOR ALL REGIONS.
56. In 1975 the S.R. & W.S.C. devised a Strategy Plan for the control of high 
watertables and s a l in i ty  in Northern Victoria ?
Do you know of these proposals ?
Do you consider the proposals to be adequate for your area ?
Yes No Uncertain Don't know
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If  No, Uncertain,  what speci f ic  measures do you suggest the government 
should take to help your area control these problems ?
Section V. This remaining section deals with more details about 
your farming operation.
57 . How old are you ? (Please tick box)
78.
less than 20 21 - 30 31 - 40 41 - 50 51 - 60 more than 60
58 • Pt v/hat ago did you leave school ? years.
59.. ha\e you undertaken any formal training since leaving school ? 
Y e s ________no
If yes, what training have you done ?
60 • Could you tell me what your approximate net farm income 
(before tax) was for the past three years ? (Tick box)
Dollars Year I 
1975/76
Year II 
1976/77
Year III 
1977/78
1 . 0 - 1,999
2 . 2,000 - 4,999
3 . 5,000 - 9 ,999
4 . 10,000 - 14,999
5 . 15,000 - 19,999
~6 . 20,000 - 24,999
7. 25,000 - 29,999
8. 30,000 - 34,999
9 .
—
35,000 - 39,999r more than 40,000
61- Do you have any other sources of income, apart from the farm ?
Outside employment _________ Go to Question 62.
Investments
Property
52 Could you please specify the type of outside employment that 
you or other members of the family have ? (Please tick box)
63. How many dependents do you have ?
64. Do you expect any of your children to become farmers ? Yes No
65. If Yes, what qualities do you think he/she will need to stay on the 
land in the future ?
66. If No, is there any specific reason why ?
67. What do you consider is the future of farming in the area ?
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Appendix 2
Copy of  l e t t e r  sent to Kerang landholders.
Centre fo r  Resource and Environmental 
Studies,
Austral ian National University 
July 1978.
the landholder,
As you may be aware high watertables and sa l t ing  are very serious problems a f fec t -  
the i r r i g a t i o n  d is t r i c t s  in the Kerang region. Since the onset o f  these problems 
l work has been done by the relevant author i t ies  on many of  the technical issues 
Dived. However to date very l i t t l e  attention has been given to what the farmers, those 
Die most d i re c t ly  affected by high watertables and sa l t in g ,  think about the problem.
I am currently  working on a un ivers i ty  pro jec t  to study the point  of view of 
ners themselves. This study forms part of a master's degree in environmental studies 
Bn at the Austral ian National University in Canberra.
The main aim of the research is to gain knowledge of  the local area. The study 
“ 1 f  W1’ ^  l ° ol< a number of issues, including what farmers think causes the problem, 
widespread high watertables and sa l t ing  are, what ef fects  sa l t ing  has on farm prod- 
ion and what is being done about i t  (stressing the d i f f i c u l t i e s  being faced in over- 
ing sa l t in g .  An important part o f  the survey is the farmers' views on what is being 
b by the government au thor i t ies  and what could be done in the fu ture .
As the study concentrates on the farmers' posit ion i t  w i l l  provide some useful 
Drmation fo r  those who formulate po l ic ies  fo r  the region. I t  is  not intended that th is  
dy remain hidden in a un ivers i ty  l i b ra r y .  In addi t ion, summaries of the f in a l  report 
1 be made avai lable to those who pa r t ic ipa te .
The study w i l l  be done by interviewing a number of farmers who, l i ke  yourse l f ,  have 
n selected randomly from the S.R. & W.S.C. landholder reg is ter .  I would appreciate 
r co-operation in this venture. I would add that the resul ts of  such interviews w i l l  
kept s t r i c t l y  con f iden t ia l ,  making i t  impossible to id e n t i fy  indiv iduals from the 
al report.
The survey i t s e l f  w i l l  begin on 7 August 1978 and run fo r  about two weeks. I w i l l  
tact you by telephone, and i f  you are w i l l i n g  to pa r t ic ipa te ,  arrange a suitable time 
an in te rv iew. The interview runs fo r  about one hour.
F in a l ly ,  I look forward to your co-operation in the survey. I would l i ke  to add 
t  the more people who par t ic ipa te  the more meaningful the results become and 
imately o f  greater benef i t  to you and your region.
Yours sincerely
. Greg McConnell
Whilst in the Kerang region I can be contacted by telephone at Barham, 532398.
8 o.
Appendix 3
Copy of l e t t e r  sent to Shepparton landholders.
Centre for Resource and 
Environmental Studies,
Australian National University
August 1978.
the landholder,
As you may be aware one of the most serious problems facing i r r iga t i on  schemes 
the Shepparton region is the threat  posed by the r i se  in watertable levels in recent 
ars.  In some areas the r i se  in watertables is associated with the presence of sa l t s  
the soil surface.  Already many government bodies have become concerned at  this  r i se ,  
have a number of farmers and farmer organisat ions.  Work has already begun on many 
the technical issues by the government bodies. However, to date l i t t l e  at tent ion has 
en given to what the farmers, those most di rect ly affected by high watertables,  think 
out the problem.
I am currently working on a universi ty project  to find out more about the point 
view of the farmers themselves. This study forms part  of a master 's degree in 
vironmental studies given at  the Austral ian National University in Canberra.
The main purpose of the project  is to gain knowledge of the local area. The study 
11 consider a number of issues such as,  whether farmers believe high watertables will 
velop (and why), how long i t  will  take for high watertables to develop as serious 
oblems and what effects  high watertables are current ly having on farm production. An 
iportant part  of the survey is the farmers'  views on what is being done by the 
vernment author i t ies  and what more could be done in the future.
As the study concentrates on the farmers'  posit ion i t  will provide useful 
formation for those who formulate pol icies for the region. I t  is not intended that  
is study remain hidden in a universi ty l ibrary .  In addit ion,  summaries of the final 
port will be made available to those who par t i c ipa te .
The study will be done by interviewing a number of farmers who, l ike yoursel f ,  
ve been selected randomly from the S.R. & W.S.C. landholder r egi s te r .  I would 
pieciate your co-operation in this  venture. The information from these surveys will 
kept s t r i c t l y  confident ial ,  making i t  impossible to ident i fy individuals from the 
nal report .
The survey will begin on 21 August 1978, and run for about two weeks. I will 
ntact you by telephone, and i f  you are wi l l ing to par t ic i pa te ,  arrange a sui table 
me for an interview. The interview runs for about an hour.
Final ly,  I look forward to your co-operation in the survey.
Yours sincerely
Greg McConnel1.
8i.
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